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Don’t let contact assembly problem: 
your engineers.. 
your production 


manufacturer today can afford waste either man hours 
machine time. must plan his operations that both 


work full time the jobs they can best—their regular jobs. 


You avoid diverting men and machines from your owp 
specialty turning Mallory for improved design and the 
production contact assemblies—a job for which Mallory 


has the necessary specialized skills, materials and 


For years, Mallory has been designing and producing con- 
tacts...has built unequalled store 
developed special alloys, special techniques and special tools 


turn out all kinds contact assemblies. 


These assemblies pay off for Mallory customers the form 


outstanding performance the job—often reduced 
costs. In addition, when you put Mallory to work for you, 


you completely eliminate the problems scheduling, inventory 


control, other overhead costs and divided responsibility 


involved handling your own contact unit production. 


Call write Mallory today. find, many other 
manufacturers have, that really pays many ways count 


Mallory for all your contact assembly needs. 


Shown here are examples Mallory contact assembly design and production. 
Each represents practical, answer problems conductivity 
necessary physical strength secure bonding contact backing material. 

You can count the same kind satisfactory answer all your contact assembly 
problems when you put specialized knowledge, techniques and materials 


to work for you 
la, made and sold Johnson Matthey Mallory, Ltd., 110 Industry St., Toronto 15, Ontario 


Electrical Contacts and Contact Assemblies 


Electromechanical Products— Resistors Switches Tuners Vibrators 
Metallurgical Products—Contacts Special Metals Welding Materials 


MALLORY CO., INC., INDIANAPOLIS 


For information titanium developments contact Mallory-Sharon Titanium Corp., Niles, Ohio. 
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METALLIC MATERIALS 


CREEP STUDIES recently completed the 
Bureau Standards copper, cold-drawn 
percent reduction area, reveal 

its fracture mar- 

kedly superior that the an- 

nealed material. This superior- 

considerable loss elongation 

fracture. For equivalent second-stage creep 
rates and temperatures, reduction area 


about same for both copper. 


LOW-ALLOY STEELS originally developed for 
high temperature applications have been modified 
for use 1,100 Minimum rupture strength 
30,000 psi for 1,000 high stress. Tests 
Timken Roller Bearing Co. show pre-normal- 
izing high temperature does not increase 
strength 1,100 but does the strength 
the 12-Cr stainless grades. 


THE RARER METALS like tantalum, columbium, 
zirconium and titanium cannot furnaced and 
cast according standard procedures because 
they attract oxygen and nitrogen, and form ir- 
reversible oxides and nitrides. Inert gas at- 
mospheres and high vacuum methods are general- 
the answer, according Process Chemical 
Specialties Co. Beverly, Massachusetts. 


GREATER TWO-TONE GLAMOUR for poly- 
chrome metallic finishes possible when 
Alcoa's tinting paste No. 222 
used. does not interfere with 
values while achieving 
high degree iridescence. In- 
tended primarily for automotive 
finishes, the paste also imparts 
striking, beautiful effect tothe hammer-tone fin- 
ish household equipment and appliances. 


ONE THE LARGEST castings ever 
made 20,000-lb pump casing recently cast 
Baldwin-Lima-Hamilton Corp. Eddystone, 
Pa. Alloy used contained 8.0 percent tin and 2.0 
lead. Manganese bronze generally used. 


Propuct May, 1952 


When requesting further information from companies and organiza 
tions mentioned the items below, confusion can avoided 


referring the issue Product Engineering which items appear 


SEMI-CONDUCTORS composed germanium 
alloyed with nitrogen, copper, silver, magnesi- 
um, titanium uranium recently brought U.S. 
Patent 2,588,253 Purdue University Research 
Foundation. Materials can used contact- 
type rectifiers that withstand high operation volt- 
ages, have highback resistance, 
and not require power for heating cathode. 


IRON SILICON SHEET for 4-mil lamina- 
tions high frequency inductors was developed 
primarily for the 400 2,000 cycle range, but 
adaptable the audio range. Thomas and 
Skinner Steel Products Co. Indianapolis re- 
ports the OrthoSil material has ultra-high per- 
meabilities and low core losses when used 
transformers, saturable reactors and filters. 


NONMETALLIC MATERIALS 


ADDITIVE that improves the ignition qualities 
diesel fuel the brain-child researchers 
the Ethyl Corp. little 
0.01 percent volume the DB- 
amyl nitrate improver 
enough raise the centane num- 
ber distillate heating oils within 
range diesel fuels. 


RESISTOR PAINTS having high negative temper- 
ature coefficients can used contacts, ter- 
minals, condenser plates and shields when fired 
heat-resistant ceramic surfaces. Micro-Cir- 
cuits Co. New Buffalo, Mich. vary the com- 
position their silver Micropaint give elec- 
trical characteristics required for given 
firing time, seven ten minutes. 


RUBBER-PHENOLIC VARNISH announced 
permits the manufacture laminated plas- 
tics having twoto the impact strength 
those made with conventional varnishes. The 
#12359 material flexible yet tough and ex- 
pected find application gears, shuttles and 
castor wheels. The new product may also mean 
the entry phenolics into the field. 


(continued page 
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Generator thousands small size 
with localized tooth bearing are cut 
daily. The latest development the cutting 
small Coniflex® gears uses interlocking- 
type cutters which, operating single 
tooth space, complete each space from the 

solid metal one operation. 


ideally suited the manufacture 
Coniflex® gears used such applica- 
tions typewriters, business machines, in- 
struments, ordnance equipment, hand tools 
and many others. 


When high productivity the object, 
fast, reliable automatic loader available 
for this machine. 

Write for leaflet describing how this 
modern, high speed, completely automatic 
machine can produce small 
gears for you. 
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HEAT AND ARC RESISTANCE 
inforced polyester laminates made Glastic 
Corp. Cleveland was basis for inexpensive re- 
design solenoid switch. With laminated 
parts, switch was rated a-c; with 
the polyester, capacity d-c. Glastic 
sheets come thicknesses 1/8 inches. 


HEATING TAPE developed Electrofilm Corp. 
Hollywood, Calif. consists heater ele- 
wrapped around 
cylinders and tubes provide 
warmth 300 Ratedat 2.5 
inch-wide heating surface center- 


TROPICAL HARD WOOD that half strong 
aluminum, yet only one third heavy, has 
beenfound Central America bya professor 
the Yale School Forestry. The Kaneelhart wood 
can machined mirror-like finish. 


COMPONENTS 


COPPER-LEAD BEARINGS containing per- 
cent lead are suitable for use unhardened steel 
shafts (Brinell 180-200) and therefore possible 
bearing materials slow-speed diesels gas 
engines. Fatigue life such bearings more 
than twice that babbitt. 2,500 psi con- 
sidered maximum permissible load. 


WEIGHING HALF MUCH present motors, 
having equivalent power, new fractional 
horsepower design perfected 
makes metals allotments 
twice far. Feature new motor 
instalation system contain- 
ing nylon, said one first 
uses mass-produced motors. 


ELECTRON DEFLECTING SYSTEM which sim- 
plifies television tube construction was described 
New York meeting the Institute Radio 
Engineers. Consisting interleaved metallic 
patterns deposited the inside hollow rect- 
angular box photo-engraving and electroplat- 
ing, unit has only four terminals and does same 
job conventional deflecting elements. 


HYDRAULIC CONTROL CIRCUITS are easily 
modernized with Armortube cable. Bailey Meter 
Co. Cleveland assembles bundles alumi- 
num copper tubing and encases them gal- 
vanized steel tube. Purpose avoid the con- 
fusion running many separate pressure lines. 
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MORE THREADS take the load new locknut 

designed Klincher Locknut Corp. Indiana- 
polis. Grooved washer pressed 
over thin-walled threaded base 
nut moves axialiy and radially 
when This action 
locks nut and effectively forces 
bulk load into body nut. 


INSTRUMENT RECTIFIERS made selenium 
rectifier cells are reported have higher block- 
ing and lower conducting resistance than conven- 
tional units. Spokesman for Electronic Devices, 
Inc., 12th St., Brooklyn, N.Y., states that uni- 
formity within and assemblies the 
result matching the characteristics indivi- 
dual cells. special plate stabilizing process 
also contributes the efficient operation the 
rectifier assembly. 


ELECTRIC WRIST WATCH was recently demon- 
strated the Elgin National Watch Co. 
plant" that energizes tiny motor for turning the 
hands through train gears capsule bat- 
inch long and smaller around than 
pencil. The watch runs accurately 
for year Single battery, say the makers. 


PROCESSES 


HOT-DIPPED aluminum coatings can applied 
oxidation techniques are used. Prefluxing with 
alkali metal chlorides one method, pre-treat- 
ment reducing atmosphere conjunction 
with process second. Pre-coatings 
tin, zinc cadmium give inconsistent results. 


PRESS FORGING structural panels for air- 
craft from aluminum alloys such 75S and 14S 
and Dow magnesium alloy recently per- 
fected technique Lockheed. Pieces thinner 
than 0.09 in. with little draft angle have 
been made. Thicknesses 0.45 0.5 in. and 
much draft are typical for drop forgings. 


CONTROL AGENTS improve the strength and 

fatigue resistance lead-tin platings used 

batteries, chemical containers 

and plain bearings. The Johnson 

Bronze Co. Newcastle, Pa. 

finds little gelatin glue pro- 

duces fine-grained deposits and 

resorcinal inhibits changes 

plating composition. small amount copper, 
arsenic antimony also increases strength. 

(continued page 
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Another new development using 


Goodrich Chemical 


“toe rubber” pictured here 

helps thousands shoes get 
good start life—helps the shoe man- 
ufacturer cut costs, too. iron 
arm, capped with Hycar rubber- 
phenolic compound. The cap rests 
the toe the shoe, holds place 


platform attached the sole. 


Most important—the toe rubber 
scratch mar the leather. Yet 
must have good abrasion resistance 
for long service keep production 
going without costly interruptions. 

just where Hycar fills the 
bill perfectly. The cap surface 
smooth that mar the finest 
leather. Yet abrasion-resistant 
that lasts for several years. Compare 


that service with standard rubber 

Hycar-phenolic compounds have 
many advantages that help designers 
and many cost-saving ways. 
They impart extra toughness and 
shock-resistance molded parts. 
processing, they provide better mold- 
ing characteristics easier flow 
the mold than straight 
resistance cracking around metal 
inserts the part. 

Hycar rubber compound may 
help you improve product solve 
problem. For versatile Hycar used 


for phenolic adhesive 
latex for coating im- 


Data courtesy Compo Shoe Machinery Corp., Boston, Mass. 


raw materials 


but wears well for years! 


pregnating. For technical bulletins 
and advice, please write Dept. HP-3, 
Goodrich Chemical Company, 
Rose Building, Cleveland 15, Ohio. 
Canada: Kitchener, Ontario. Cable 
address: Goodchemco. 


Goodrich Chemical Company 
Division The Goodrich Company 


GEON materials HYCAR American rubber GOOD-RITE chemicals and plasticizers HARMON organic colors 
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;ALVANIZED ANGLE IRON can welded with 
gas shielded torch and Everdur filler rod with- 
appreciable damage zinc coating. Slight 
reduction coating thickness occurs next weld 
result vaporization under heat the arc. 


HIGH CURRENT DENSITIES distinguish the 
Hardas anodizing process from standard tech- 

niques. Hard Aluminum Surfaces 
thick, claim they will scratch 
glass, and adhere well, especial- 
aluminum alloys containing 


magnesium. Treatment improves the life rotor 
and side plates pumps, and turbine blades. 


PITTING AND CORROSION airplane propel- 
lers reduced hard, yet resilient, plated- 
nickel coating. Key technique worked out 
Bart Labs Belleville, and United Air- 
craft's Hamilton Standard Div. synthetic 
rubber compound sprayed the aluminum 
blades. Once rubber dry, nickel plated 
the stress-free surface conventional manner. 


TESTING 
4 
46 


"CURVED LIGHT" used faulty combus- 
tion and flame leakage jet aircraft engines. 
One end curved quartz rod located inside 
combustion area checked. Light from jet's 
flame travels back through rod instruments 
that convert the light into measurable units. 


FAST-ACTING THERMOMETERS consisting 
white pigment films black paper indicate 
temperature range from 115 When 
film melts, disappears into the porous paper. 


COMPACT COUNTER, the Geiger Mite, weighs 
less than half pound, including headphones; 
only one inch diameter and in. long. Made 
Morgan Instruments Co., 21420 Valero St., 
Canoza Park, Calif., device has battery be- 
cause self-charging. Power supplied 
built-in electrostatic generator that becomes 
charged after being shaken about times. 


MULTIPLE-CHANNEL MANOMETER providing 
high-accuracy results all the currently usable 
Mach numbers now operation the Naval 
Ordnance Laboratory's Supersonic Wind Tunnel 
White Oak, Md. Equipment has made pos- 
sible take pressure distribution measurements 
guided missile models. Built-in automatic con- 
trol and photographic registration make easy 
for two persons operate the equipment. 


FLYING TYPEWRITER prints line time 
instead single character. Officials the 


Potter Instrument Co. Great 
Neck, L.I., say the machine 


It's also adaptable data 
coded information transmitted radio link 
telephone and telegraph lines well serial 
coded information magnetic tape. 


WHILE INVESTIGATING how atomic hydrogen 
transmitted through some metals, scientist 
the state University Madison, Wisconsin made 
palladium metal tube the cathode ordinary 
sulfuric acid electrolytic bath. found that 
hydrogen passed through the metal ordinary 
room temperature, and built pressure 
700 pounds per square inch. 


THIS COVER 


Perhaps the most job facing the engineering executive today 


that organizing and operating his department and estab- 


lishing proper channels management for the interchange planning 
objectives. Particularly this when there myriad 
engineering operations several divisions and plants, indicated 
the cover photographs from the General Electric Company. Top 
right, distillation column for silicone manufacture; top center, checking 
layout temperature recorder stand for gas turbine testing; left center, 
testing vacuum trip cut-out for steam turbine governor; bottom, fatigue 


testing specimens for gas turbine buckets. 

The answers many these organizational problems and planning 
techniques can found the special section, “Engineering Your Com 
Future,” which starts page 151. 
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want 


MAG 


Dynamometers 
Ajusto-Spedes 


ouplings, write 
for 
this booklet 


Couplings provide long list 
desirable characteristics including instantaneous re- 


sponse, infinitely adjustable speed control, wide speed 
range, quiet operation, low power losses, low mainte- 
nance cost—without mechanical contact between the driv- 
ing and driven members—and entirely from power. 


you are interested this modern method speed 
control, write your company stationery for this 
prehensive booklet. presents down-to-earth 
tion the Eddy-Current Principle, and the operation 
the Dynamatic Eddy-Current Water-Cooled Coupling. 


KENOSHA 
WISCONSIN 


Subsidiary EATON MANUFACTURING COMPANY, Ohio 


Oil Well Draw-Works Brakes Couplings Eddy-Current Brakes 
Shovel Clutches Press Drives Lift Truck Clutches Electronic 
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DESIGN AND 


DEVELOPMENT 


Government monoply the synthetic rubber industry has been con- 
tinued again for another two years. one point before Korea, there 
was chance that the plants might sold private industry. But with 
the outbreak another national emergency, all such prospects went 
the board. 

Congressional committees charge rubber legislation are putting 
military security first. And this time there disposition rock 
the boat turning the industry back private hands, problem which 
extremely complex, and politically potent. 

Government operation the plants universally felt bad 
philosophical grounds. But practically, continues happier 
solution than figuring out how turn the plants loose. 

For one thing, Government operation assures continued production 
synthetic, the consideration which has top priority. Congressmen 
aren't sure what might happen synthetic turned back private 
competition. 

Another point that rubber fabricators now all get even break 
supply and price synthetic, something that absolutely necessary, 
since the $700-million industry was developed with the taxpayers' money. 

Right now, synthetic production rolling high rate and meeting 
all requirements. fact, the Government building inventories. 

Leland Spencer, rubber boss Reconstruction Finance Corp., told 
Congressional committee recently these high points the rubber sit- 
uation: 

Controls all but butyl may soon dropped completely. 

Cold rubber production will continue constitute percent 
total synthetic production. Cold rubber will percent the total 
the third quarter 1952; percent during the fourth quarter 
and percent during the first quarter 1953. 

very doubtful that synthetic rubber can now replace natural 
all uses. 

Consumption synthetic should not allowed drop below 
point where all our petroleum butadiene plants are operation. 
(Alcohol-for-rubber plants are more expensive, marginal producers 
rubber raw material.) That would synthetic rubber pro- 
duction around 600,000 650,000 tons per year. 


The Defense Department has set the Armed Forces Technical In- 
formation Agency centralize the publication and distribution research 
reports prepared all the Armed Services. ASTIA being organized 
under the immediate direction the Secretary the Air Force. 

When ASTIA gets high gear thisis how will work. Reports writ- 
ten for any defense department agency will immediately for- 
warded ASTIA. They wil edit and publish the report standard 
form. the same time, they will apply the proper security classifi- 
cation. Then they will distribute other government agencies and 
industrial and university organization that need the information 
augment theirown work. Distribution will line with the new policy 
them only what they need 


(Continued page 115) 
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Toughened 


Industry has learned 


what marine engineers 
have known since 1880 


ELECTRO DYNAMIC 
builds great motors 


AIC Division of Elect 


43 
A 


EBCo-built U.S.S, Perch maneuvers off Alaska. Official U.S. Navy photo. 


withstand the terrific strains submarine service, 
Electro Dynamic motors have long featured extra- 
dependable performance and extra-rugged construction 
resist stress and prevent twisting and distortion. 

motors for industry, like their famous marine 
counterparts, are built stand under the hardest 
kinds uses. Their husky cast frames and housings 
assure rigidity and resist corrosion. And the special 
care and superior insulating materials that into the 
many extra years dependable, low-cost operation. 

There’s motor for every industrial applica- 
tion. Available all standard 250 h.p. 
Write today for literature. 


also makes complete line Direct Current 
Motors and Generators. Literature request. 


Bayonne, Jersey 
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the near future, every company working Defense Department 
contract will reccive extensive questionnaire listing over 400 fields 
interest. After the company has indicated which these they are 
working in, the Defense Contracting Officer will review the form and 
pass ASTIA withhis recommendations. Distribution informa- 
tion will based this questionnaire. 

Standardization reports can save considerable time and money. 
also may help plug some the leaks through which Defense Depart- 
ment new developments have been slipping. Unfortunately, puts ASTIA 
position exert complete censorship technical information 
they desire and the agency's powers will have used wisely. 

ASTIA's first official act (other than organization work) indicates what 
can happen when this agency misused. They classified restricted 

the Technical Data Digest prepared the Central Documents Office 

the Army, Navy, and Air Force. Formerly widely circulated univer- 
sities, research organizations, and industrial companies, this publica- 
tion prints abstracts technical articles that have appeared the busi- 
ness press, house organs, and association journals. reason was 
given for the classification. 


METALS NPA plans boost metals inventory limitations from days 
EASING days result softening the supply picture, which shapes like this: 
Steel: Industry-wide troubles interfered with softening con- 
ditions. When difficulties started April, supplies general were 
easing. Sheet was plentiful, while plates and structural shapes were 
much tighter. Warehouses supplying less than carload lots were well 
fixed. 
Aluminum: Improved supply prompting NPA consider removal 
aluminum from control packaging enclosures. Estimated aluminum 
production for the second quarter 640 million lb, same for the 
first. Production 710 million expected the third quarter; and 
740 million the fourth. 
Nickel: Continues very short supply. 
Tin: Controls will necessary for some time, even though the situa- 
tion improving result government purchase agreements with 
several countries, particularly Britain and Indonesia. 
Lead: Supplies good, and controls have been virtually relaxed. 
Zinc: Supplies much better than previously. World market will shortly 
stabilized has for lead. IMC allocations zinc for the second 
quarter are 22,495 tons above previous quarter. 
Copper: IMC's second quarter allocations are 21,000 tons below the 
previous Domestically refined copper supply reached new 
low during April. And the supply likely touch-and-go basis 
for several months. NPA trying stimulate the flow scrap 
custom smelters means increasing the refined copper supply. 
Ferrochromium: Supplies 1952 will bigger than 1951. 
890,000 tons chromite suitable for metallurgical use will shipped 
here; about 200,000 tons above last imports. 


HARD GOODS Consumer goods manufacturers are over the hump materials 
shortages. They'll get bigger government allotments from here out. 
Big question nowis: can theysell all they can make? Controls officials 
insist that lack consumer much materials restric- 
tions cut first quarter production. Post-Korean panic buying 
blamed for depressing hard goods sales. And many consumers loaded 
themselves down with installment payments. Some Government eco- 
nomists think that durable goods sales will start climbing soon. They 
estimate that most consumers have paid off their last installments 
their late 1950 buying spree and are ready for more heavy buying. 
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PUSH-ON SPEED 


FOR GRAY AUDOGRAPH 


Here’s how SPEED NUTS made 50% savings industries. Take second look some your 
time, and 75% material savings the assembly assembly operations with eye keeping costs 
Gray AUDOGRAPH Dictating Machines down and quality production UP; your Tinnerman 
representative prepared help. SPEED NUTS 
are the most economical fasteners ever developed 

prove the point, we’d like make comprehen- 
sive Fastening Analysis your product line. the 
meantime, write for your copy SPEED NUT 
Savings Stories, TINNERMAN PRODUCTS, 
INC., Box 6688, Cleveland Ohio. Canada: 
Dominion Fasteners, Ltd., Hamilton. Great 
Britain: Simmonds Aerocessories, Ltd., Treforest, 


Engineers Gray Manufacturing Company took 
second look the index strip their Audograph 
Machine and this what they found. Five standard 
Tinnerman Push-On Type SPEED NUTS could 
zipped over plain studs attach the complete 
Index Strip Holder Assembly half the time... 
replacing hex nuts, lock washers and eliminating 
special threaded studs. 


This just one the many SPEED NUT Savings Wales. France: Aerocessoires Simmonds, A.— 
Stories being reported every day wide variety rue Henri Barbusse, Levallois (Seine) France. 


\ 4 
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Strip Holder with Push-On Type SPEED 
SPEED NUTS and studs rep ace special threaded studs, 


Supply and Demand Can Better 


THERE ARE ALWAYS MEN vainly attempting invent 
perpetual motion. There are also many others who 
subconsciously believe that they have the power 
peer behind the curtain that veils the future. And 
there are legions who attempt edict circumvent 
the natural law supply and demand improve 
upon it. succeed they would have have power 
greater than nature. They fail miserably but magnify 
every modicum success. 


Admittedly, some controls are sometimes necessary. 
But when man attempts artificial controls that are 
expected operate superior natural controls 
the allocation materials, sticks his neck out 
Merely because man has been elected appointed 
public office does not give him the super-human 
power which would required allocate the 


materials the best advantage. 


There are those who will point the wonderful 
governmental materials controls exercised during 
World War How efficient were Who can 
tell how much worse, better, would have been 
certain those controls had not existed. Today 
again have materials controls and again they are 
creating confusion and resulting serious conse- 


quences. 


Secondary aluminum was selling for cents 
per pound. The Office Price Control ordered 
price reduction cents cents per pound. 
about the same time the office Price Control 
ordered that the price prime zinc increased from 
cents cents per pound. The idea was 
increase the use more abundant aluminum and 
ease the short supply zinc. Before the bureaucrats 
knew what was happening, zinc was vast over- 


supply. 


takes weeks months before the bureaucrats 


get around rectifying their errors. They seldom 


Propuct ENGINEERING May, 1952 


admit them; they always explain them 
takes them weeks months do, Old Man Law 
Supply and Demand will overnight 


faster 


ple Steel, which was 


heralded precious metal scarcity, now 


The above only one exam 


good supply. Nickel, which was hailed among 
the scarcest metals, now quite readily 
Tin, copper, aluminum and most other materials are 


likewise much greater supply 


the meantime engineers are being forced 


look for substitutes again and again. Production 

schedules civilian goods are being needlessly dis 

rupted. scarcity” changes 


radically overnight. Old Man Supply and Demand 
must having good laugh watching puny humans 
who believe that the sceptre authority makes them 


more powerful than 


For more than three decades have seen control 
follow controls and follow tiasco. Controls 
addicts picture dire results that would have occurred 
had not been for controls. But they cannot prove 
it. Nor can anyone prove the than 
point out that much confusion and 


always accompanies controls 


rit 


Regardless arguments pro and con, the estal 
lished fact that the present materials’ controls are 
simply not working and are hampering production 
needleesly. getting more obvious daily that 
would have been far better let Old Man 
and Demand have things his certainly would 


have saved lot design headach 


7 q 
| 
| 
| 
| 
| 


Theories proved exploded here 


Before you place new design the market, important 


that you know how will work under operating conditions. 


Where the design involves the use anti-friction bearings, 
New new, ultra laboratory can 
determine advance what performance you can expect “in 


the 


Furthermore, the study progresses, New Departure engineers 


may find possible improve the performance the assur- 
ance success applying their ingenuity and their fund 


knowledge and over forty years experience the subject 


hand. NEW DEPARTURE 
May work with you your anti-friction problems? BALL BEARINGS 


toe 


NEW DEPARTURE Division GENERAL MOTORS CORPORATION BRISTOL, CONNECTICUT BRANCHES ALL PRINCIPAL CITIES 


118 Propuct May, 1952 


4 
~ 
| 
4 

= 
ROD 


5 


Fatigue Properties 


Cast Aluminum Alloys 


Heat-treatments resulting lower ductilities and higher ratios yield-to-tensile 


strength appear have beneficial effects the notch-sensitivity 
WHEN CAST ALUMINUM ALLOY PARTS strength, castability, 


are designed for service automobile sion resistance and cost 


TEMPLIN 


Assistant Director of Research where stress loads are repetitive, the en- lists the nominal compositions at 


thoughts naturally gravitate properties for fatigue test condit 
the fatigue strength the materials in- the exhaustiveness 
HOWELL volved. But extensive tests alloys Some the alloy 
Chief, Mechanical that were cast sand molds and tested sand castings, some pern 
Testing Division 


alloys that were cast permanent castings and several both 


LYST reveal there are pronounced differ- castings. The wide ranges ten 
ences the fatigue strengths the resulting from heat-treatment 


Research Engineer 


various materials. result, particularly noteworthy, and, 
Aluminum Company America 


attention can given when selecting 
alloy other factors such static property values are not reflected 
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engines, railway coaches The size Table (page 122), 


- 
| 
ity, I 
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fatigue strengths the alloys. 

The tensile property data given 
were all obtained accordance with 
ASTM Standard methods. The val- 
given are representative and typi- 
the alloys the various condi- 
tions indicated when cast the size 
and form standard tension test bars, 
nominally dia the test sec- 
tion. Castings having sections depart- 
ing appreciably from this size would 

expected show differences 
mechanical 


from those given for the tensile test 
Some the alloys included 
Table are not currently available 
commercially, but were offered the 
trade various times during the past 
twenty-five years. The data for these 
alloys serve further 
exemplify some the conclusions 
reached and therefore justify their 


Test Procedure 


Fatigue data for the cast aluminum 
were obtained from tests 
smooth Moore type rotating 
beam fatigue specimens shown 
the top Fig. Similarly the 
notch fatigue data were obtained from 
specimens having the dimensions 
hown Fig. 1(b). Both types 
specimen were machined 
ird cast tension test bars. The 


mum stresses the notched specimens 
were computed assuming uniform 
test section having diameter corre- 
sponding the diameter the root 
the notch. both instances, the nomi- 
nal stresses vary from some value 
1 to an equal value in compres 


during each test cycle right 


ends scatter bands Fig. the 
lata points shown with line through 
them represent sf imens that di 1 not 
fail 


Sand Cast Alloys 


presenting the data, the 
results from all the sand cast alloys 
all tempers, using the smooth 
innotched specimen, are shown 
Fig. 1(a). The data are based 
nearly 800 tests different alloys 


tempers and inciude 
lot limit 
1O ot >} cimen ne limits or the 
tter band for the data have been 
the Its obtained. The notched 


Fig. 1(b). Results from 


pers and different lots 
mens 

Scatter bands the type Fig. 
some the subsequent ill 


trations for the evaluating 
the effects various heat treatments 
The bands are also useful comparing 


results from specific lots specimens 


Fig. 


bands fatigue strengths for sand cast alloys. 


— 


3—Comparison scatter bands for sand cast and permanent mold alloys. 
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represent different alloys and tem 
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Table I—Nominal Composition and Tensile Properties Aluminum Casting Alloys 


Alloying Elements, percent Sand Casting Alloys Permanent Mold Casting Alloys 

and - Tensile Yield Elong, Tensile Yield Flong, 
Temper Strength, Strength. psi percent Strength, Strength. psi percent 
y Other psi (0.2% offset) in 2 in. psi (0.2% offset) in 2 in. 


26. 
-F 19 
-F 18 
108-5 25 
109-F 26 
112-4 25 
-T2 22 
113-4 : 28 
: 2 Fe 42.600 
31.600 
24.800 


4 
4 


0 Mn 


000 

800 

600) 

600 

R00 

5.900 

800 


= 


iN te 


1 500 
000 


>. 


Bi95-T4 43.400 


-T6 50.400 
196-T62 2 


214-F 
H211-F 
220-14 
319-F 
-T21 22.700 
-Tt 37.100 
-T72 32.400 
333-4 


eNUN 


25.400 


5 
6 
25 
4 
0 
5 
3 


-T5 
334-5 q 25.300 
355-T4 30.000 
27.000 
26.400 
-16 38.200 
-T6l 41.200 
-162 —— - : 41 800 
37,400 
—— 
A355-T5l 26.400 
-159 26.300 
-16 35.600 
37.500 
34.800 
30.200 
29 000 
25.100 
31 800 
33 800 
29 500 
0 Mn 17.600 
38. 400 


= 
= 


30 800 


32 000 


Vie 


30.100 
22.400 


nus 


= 


100 000 
2 Fe 38,700 
750-F - 5 Sn - - 21.200 200 
-16 23.700 900 118 


() Temper designations: F—As cast, T12—Annealed; T4—Solution heat treated; T5—Artificially aged only; T6—Solution heat treated aod 
artificially aged; 17 -Solution heat treated and atabilized. 


Vield strength practically equal to tensile steeugih. 
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beam fatigue data for cast alloys elevated temperatures 


Fig. 6—Comparison notch sensitivity for aluminum alloys various forms. 
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EASTMAN 


Bendix Aviation Corporation 


requirements and distortion members loadings 
more severe than were Yet, many cases, 
friction not even considered when such 
are designed. other cases, the design could sub- 
improved better understanding the 
effect design proportions friction forces. 

feel for good design from friction standpoint can 
developed. general, this feel involves three consid- 
erations: 


(1) Have sliding surfaces car 


ittle normal load 
practical. 

(2) Design for minimum amount rubbing 
tion normally loaded sliding surfaces the driving 
force has maximum amount leverage overcome 
the friction loads 

(3) Use flexible type sliding 
ones. This involves introducing spring rate effect which 


often is small eno igh to neglect. However this approach 


restricted applications that have limited working 
trokes 
The following examples illustrate the appli ation 
these considerations several widely used elements and 


point out some the effects friction that are easily 

overlooked practice. However, their use intended 

miler where it neictent with the ather decio re 

only where it 1s consistent with the other design require- 


ments. Although the use anti-friction bearings 


valuable asset, the very advantages these bearings 
may tempt the designer ignore the possibilities 
arefully designed plain bearings and flexible members 


considered the following pages 


' 


PLAIN SLIDING FRICTION (Fig. For uniforn 
motion the block shown (a), the applied force 
must equal the resisting frictional force For con 
tinuous sliding, the coefficient friction varies fron 
about 0.05, steel bronze with oil graphite lubr: 
cation, approximately 0.25, steel steel without 
Vibration can reduce this coefficient zero 
and sometimes used for this purpose. 

The resultant force makes angle called the 
friction angle, with the normal force For 0.15 
about degrees. The importance this angl 


< 
< 


SHAFT DEFLECTION (Fig. Shaft deflection 
(a) causes the bearings carry more radial load 
they would for rigid shaft. The resulting condition 
similar that two overhung shafts, Fig con 
nected the point loading. increasing the shaft 
diameter (b), the deflection reduced enough 
remove the extra loading the bearings. (c) the 
bearings are shortened length and their radial clear 
ance increased permit unrestricted deflection the 
shaft and remove the unnecessary loading. The condi 

indicated (a) can develop large friction forces 
widely spaced bearings are combined with small 
learance and high shaft flexibility. 
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better illustrated the weightless block (b) driven and assuming equals 0.15, 

inclined force Unless the angle inclination very small relative applying the load 

larger than the linkage will jam for any value the ends the bearing surface would divid 

the applied force. This jamming tendency often exists the above friction force three 


complex mechanisms and not always obvious. 


(CS 


OFFSET LOADING (Fig. This illustrates the ef- 


OVERHUNG LOAD EFFECT (Fig. The over- fect offset loading reciprocating shaft and 
hung load sets balancing bearing forces shown. applies rotating shaft. For the proportions shown 
Since the friction effect these forces additive, the (a) and value 0.15 for equals The 

torce that resists linear shaft movement equals magnitude can reduced shown 
For the proportions shown, equal (b), reducing the offset and increasing 


\ 
< > 
FIG € 
BEARING ECCENTRICITY (Fig. Misalignment with the ground. The line action these tor 
the two bearings (a) causes shaft deflection with pass distance equal nter 
resulting high bearing loads and friction. the mis hub. can shown that the horizontal driving force 
alignment can not corrected line-reaming closer approximately equals Since the eff 
oncentricity tolerances, the bearing loading force varies directly with the ratio 
reduced shortening the bearings and increasing the this ratio provides the ground more leverage with 


shaft clearance the bottom illustration overcome the friction force the 


the torce exerted by the ground to Oppose mot 


WHEEL (Fig. The wheel shown rotates about wheel. This also reduces the 
fixed axle and supports load The forces the between the wheel and ground much lower than 

wheel are the resultant hub force acting the angle the hub, the friction angle the ground could 

with the normal the sliding surface, and the equal and than Then the wheel would slide instead 
opposite force acting through the point contact (Continued 
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Designing for Less Friction (continued) 


= 
COMPRESSION SPRING MOUNTING (Fig. RECIPROCATING MOTION (Fig Frictiona 
spring shown (a) has its ends forced into forces radially loaded reciprocating shaft 
and square alignment with the shafts compared bearings act against the applied load These 
free position indicated the dashed lines. can reduced pin and link suspension (b), 
results offset and/or angular loading the shafts mounting rollers (c). (d), friction 
and radial loading and friction the shaft bearings eliminated suspension thin leaf springs 
the end coils take their natural position, 
(b) the use swivelling retainer cups, the spring 
force will act along line action through the centers LEVER AND LINKS (Fig. The forces acting 
the rounded shaft ends, thus removing the friction the lever are the link load the driving force and 
effect. This effect most pronounced when the spring the bearing load These forces are shown 
rate high compared with the applied load acting tangent friction circle whose radius 
PARALLEL RECIPROCATING 
TION (Fig. appears that (b) 
would better than (a) because for 
the same stroke there less lateral 
bbing the lever ends the travel 
extremes. And (c) seems better yet 
the reduced radius the 
lever end Actually, the maximum 
side load effect the push 
rods essentially the same for all three 
arrangements Also, the maximum 
torque applied the 
from its push-rod contacts essen 
tially proportional the maximum dif 
ference height the two rod end 
surfaces for all three, except that 
will greater for (a) this 
ence less than 2r. However, (b) 
and (c), may have with 
(c) the lever contact moves inward 
the rod end surfaces the travel 
loading the push rods and tending 
friction the push rod bear 
ings. lengthening the lever arms 
slightly, (d), the maximum eccentri 
city, and thus friction, are reduced. 
four thin leaf springs support 
lever and replace the pivot 
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summing the moments about the point OSCILLATING DRIVE 
application the bearing force, the value can connecting link are often used 
found motion from one shaft Assuming that 
torque transferred the same for both (a) 
(b), the friction will less for (b) becaus 
the lower link load the connecting pins and the 
correspondingly lower reaction loads 
minimize friction, the ana should ings. However, this arrangement only 
small compared and The limiting condition, for angles shaft oscillation less than degrees, 
that zero friction, represented the effective lever length far bearing loading 
approached practice the well known balanc concerned the distance from the link centerline the 
scale which knife edges replace the pin point line connecting the centers the shafts 


CONVERTING OSCILLATING 
RECIPROCATING MOTION (Fig 
12) Four different means convert- 
ing angular motion linear 
are shown. The amount normal 
represented the vector indica- 
tive the relative friction effect. All 
means are compared for the same 
stroke, linear stroke, and axial 
output load the reciprocating shaft. 
Except for (b) and (c), the friction 
load maximum the stroke ex- 
tremes and increases with the stroke 

(a) the loading angle 
reased the friction angle pro 
duce high radial load component. 
For (b) the gear pressure angle 
also increased the total angu- 
lar stroke less than twice the gear 
pressure angle, (a) will have less fric- 
tion than (b). (c) the angle 
loading the reciprocating shaft 
only and the radial load component 
less than for (a) (b). For (d) 
the maximum angularity loading 
the ratio the vertical 
travel component the lower end 
the length the link, and the normal 
load component can small. 


Wh 
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Designing for Less Friction (continued) 
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OFFSET LEVERS (Fig. 13) The offset lever (a) 
used for transferring load between two links. The 
loads are applied perpendicular the paper 
the centers the lever ends. The bearing 
load falls point where the line between these centers 


bearing 


rosses the centerline shown. This produces 
overhung load the bearing with resulting friction 
similar that considered Fig. (b) 
luced 


reasing the bearing length would help the overhang 
luced considerably avoided. 


Priction 


eliminating this overhang. In- 


The 


history of a leve r of this tv px 


FIG 17 


SPECIAL OFFSET LEVER (Fig. 14) This lever, whi 
was discussed Fig. 13, has applied force opposed 
Because there was driving force ava 
able, the design shown (a) was accepted spite 
the load offset, large bearing diameter and narrow bea 
ing width. But the lever jammed and was bent out 
shape the driving force. The bearing loading 
illustrated vertical instead perpendicular 
paper. Space limitations prevented correcting the sour 
the high friction without redesigning the enti 
mechanism. However, friction was reduced enough 
prevent jamming allowing the force moment 
ated the bearing overhung load borne 


LEVERS (Fig. 17) The forked lever shown (b), the tine loads are equalized, relieving the oft 
(a) drives loaded sleeve. Unless close machining set loading effect and thus reducing the friction 
tolerances are held, this can result essentially all 

the load being carried one the two tines. This, PRESSURE OPERATED VALVE (Fig. 18) 
ourse, causes offset loading and reased friction the valve positioned the balancing the pressur 
the vivel force from the diaphragm against the load the spring 


Propuct ENGINEERING May, 1952 


ver th 
thre 
learanc 


ECCEN 


ngular 
imina 
fectly 


nimi 


= a 
= % 
= 
; = | | | 
= 
= FIG 13 FIG 14 FIG. 16 
q 
a), ro 
2000 
= | 
FIG. 18 
= va 
= rate 


ver thrust faces. This was done (b) adjusting PRESSURE OPERATED MECH (Fi 

thrust face clearance relative the radial bear ing sumple piston and shaft for hydrauli 
learance that these taces rather than the bearing rubber seals are shown 
the share the load conventional type seal, these rings caus 

(b) flexible cloth reinforced rubber 

ECCENTRIC PUSH RODS (Fig. 15) Two the sliding surfaces and eliminate 
are transmitting load compression and leakage. Metallic bellows 
rounded ends result angularity shaft loading purpose These bellows 

radial forces the shaft bearings (b), the pring rate which must cons: 

gularity removed but all offset loading cannot liaphragms have 

iminated because flat shaft ends cannot made 

tly parallel. This offset reduced (c) 
nimizing the radial bearing loads and the friction 


enlarging the 


sure that small pressure variation will provide 
ough force move the valve, the total diaphragm spring will not help, 


essure force must greater than the valve 


lowever, friction the connecting lever other moving the balan 
connecting mechanism may still cause ina ight spring over 
rate valve positioning. Increasing the 


+ 
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since the increased lever load will 
spring (b), and adding 
come the valve load. the lever 


Fabric Base Phenolic Laminate Used 


digester secti 
the 
corr 


the 


-Coupling 
met 


Orive motor 
mal 


Fou 


Worm geor----- 


two 


cylinder 
Circles the diagrammatic layout the paper 


mill Taylor Co. indicate the places 
where laminated plastic has been applied. The 


Guard rail, Certrifiner 


versatility the material readily apparent 
from the variety machines which 
used. The arrows show the path cotton mate- 
rial. Rags are cut into strips, soaked hot 
alkali, washed and separated into fibers spread 


over moving screen, and dried paper. 


= 


WEAR QUALITIES fabric-base phenolic laminate PHENOLIC INSERT the flexible coupling the 


plastic make good material for the side rail digester power shaft. Wear qualities and compressive 
conveyors that transport the abrasive cotton rags. strength keep bolt hoies trom enlarging. 
+ ) 
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Many Places Paper Mill 


take advantage the moisture and wear the table Moisture resistant qualities 


qualities fabric base phenol laminates, the Taylor 
Fibre Co., Norristown, Pa. has made liberal use this 
material for machine components the paper making 
section their plant. Because the abrasive action 
the cotton rags from which the paper made and the 
corrosive tendency the water and chemicals used 
the process, the plastic, replacement material for 
metal several critical parts, has greatly relieved plant 


the laminated plastic demonsirated where the bronze 
screen the Fourdrinier carries the mat water soaked 
fibers over perforated covers the vacuum boxes. Since 
the white water, drawn from the paper this point, 
reused, any rust particles deposited the solution 
endanger the quality the finished product. Use 
phenolic covers eliminates this danger. doctor blades 


the press and drying sections, the relative 


maintenance problems. the phenolic prevents foreign particles from scratching 


One the most unusual applications found the metal rolls. Taylor grade was used throughout. 


Fourdrinier section. Here phenolic springs perform the All the phenolic laminate parts have given satisfactory 


two-fold action supporting the roller table and flex- over extended period time 
Oscillating Support Press Doctor rolls poper 
cylinder springs 


boxes 


' A 

poper 


FABRIC BASED laminated phenolic plastic springs that and frequency oscillations about 100 
support screen table Fourdrinier section and permit shakes, solution cotton susp water 
oscillate. Maximum movement the table about evenly spread over the traveling bronze screen belt 
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PRODUCT DESIGNS 


PTC: Ne ‘Springs 


q 
a 


TWO SETS laminated phenolic springs 
ylinder screen which size the cotton 


inated. Here, vacuum draws water from 


vats are laminated phenolic. Water serves 


plastic but would wash away oil used other bearings vats support heavy rakes that speed cleaning and refilling 
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Paper Mill (continued) 


used the oscillating tank the the laminated 
fiber gaged. One set springs previously used the 
nit the oscillating motion the tank and the second sct supports the tank. Because abundance wate: 
rust forms between the leaves 


». a 
REPLACING steel vacuum box covers with DOCTOR BLADES phenolic laminate are 
laminated phenolic covers, severe rust problem was elim- throughout the mill. Here shown blade used 
wet fiber mat. one the heated rolls the drying section. 


BEARINGS for the hexagon washing drums the COMPRESSIVE STRENGTH and wear qualities 
lubricant for laminate are used where guard rails the beater 
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Stainless Steel Diaphragm Makes Internal 


Drive Possible Pump-Motor Unit 


WITH ALL critical components the com- 
bined motor and centrifugal 
the single housing, protruding 
power shafts external seals are required 


magnet rotor 


Rotating 


motor 
field 


Bearing 


placing stainless steel diaphragm between the rotor and 
stator radial gap induction motor, motor-pump unit has been 
designed that has external rotating parts and needs rotating 
shaft seals. The diaphragm divides the pump into two sections: the 
pump section with its rotor impeller assembly, and the dry section 
where the electro-magnetic stator and stationary impeller shaft are 
mounted. When the two halves the housing are pulled 
screws, the disk clamped between them, hermetically seal 
each section individual compartment. 

The rotor the electric drive and the pump impeller are com 
bined pressing laminated silicon steel magnets into holes the 
back face the wheel. Directly opposite these magnets the dry 
side the diaphragm are the field coils the stator. 

When the field coils the stator are energized a-c current, 
magnetic lines force pass through the non-magnetic diaphragm 
and induce turning moment the rotor. Since the power output 
this type motor proportional its diameters, there 
mechanical restriction the capacity unit that can made. This 
pump made the Atlantic Pump Corporation, Philadelphia, Pa., 


ROTATING IMPELLER the only moving part the unit. 
Here shown the stainless steel partition 


fluid and from electro-magnetic field coils motor driv 


SHOWN HERE, spacing and alignment the 
established factory-sealed bearings double row angular 
contact held position spacers and rings 
Where conditions permit, nylon, graphite Teflon bearing 
can used avoid the need for lubrication. The housing 
can cast variety materials meet specific operational 
needs. Where highly corrosive conditions exist, aluminum 


bronze other rust resistant materials can used 


section 
| field 
Intake | | 
q 
Stotionory | 
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PRODUCT DESIGNS 


AMPULE FILLING MACHINE operation requires only manual load and unloading feed and delivery hoppers 


The ampu iles 


are indexed past needle station where they are filled with the pharmaceutical liquid and flushed out 


with inert gas; through the flames four gas burners where they are heat-sealed; 


them into the delivery hopper. The 


operator usually masked and wears sterilized rubber gloves. 
feed container, the base the 


and extractor that slides 


machine must thoroughly sterilized and operated sterilized room. 


The pharmaceutical being processed passed from 
through sterile carboy the inlet tube before reaches the syringe 


Stainless Steel Syringe Ampule 


the use specially designed syringe, medical 
ampule filler has been developed Chase Equipment Corp. 
New York collaboration with Artisan Metal Products Co. 
Waltham, Mass., that will fill various size glass ampules, vials 
onionskin tubes with exact dosages ranging from 0.1 33.0 

achieve this degree accuracy, the barrel, plunger, and 
valves the plunger type syringe are honed and machined 
tolerances 0.0002 in. made high nickel stainless steel 
and since wear resistance important, all critical parts the 
plunger assembly are heat treated. Except for the material be- 
ing pumped, lubricant can used. 

Because the corrosive tendencies the antibiotics and other 
pharmaceuticals processed the machine, extensive use stain- 
less steel has been made throughout. Lighter metals are used 
sections not subjected corrosion and help keep the overall 
weight down 279 parts are steam proof because 
the machine must periodically disassembled and thoroughly 
steam sterilized. The filler operates automatically and 
adjusted fill containers per minute. 
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link 
Spring 
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Plunger _ Vo. 
Secondary 
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Ejector 


DISCHARGE, the cylindrical plunger moves down, the UNUSED AMPULES are fed the filler tron 
valve closes, the secondary valve opens. fill the chamber, the magazine ejector that synchronized 
plunger moves upward, the secondary valve closes, the main valve positioning rack movemer 

opens. projection the secondary valve keeps open for baffle keep the ampul 
instant after the intake stroke begins drawing the drop the link and drive 


the 
needle back into the line keep the neck the ampule dry the are driven the main drive shaft 


it. agitator and 
position The 


Filler Measures Exact Dosages 


operated rack that posit 


SYRINGE AND NEEDLI 


With the needle rack lowered 
a k 
cam forces measured volume liquid 

e syring 1 ( 
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Sy ringe 
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PRODUCT 


Jet Starter Has 
Speed Mounting, 


Torque 


the process fulfilling the severe re- 
quirements weight, power, speed and ac- 
cessibility for jet engine starters, unit has 
developed Jack and Heintz Inc. 
Cleveland, Ohio, that incorporates several 
unusual features. previous designs, en- 
gagement the starter jaw, with its counter 
part the engine, was accomplished 
d-c electric solenoid that has been trouble 
source starter operation. eliminate this 
weakness, the new starter uses a cam actu- 
ated jaw with bronze friction ring retainer 
that insures positive engagement the jaws 
long sufficient electrical power avail- 
able rotate the armature. 

When service the unit necessary, 
can removed from the engine rotat- 
ing single hex knob the starter gear 
case. This quick-attach-detach feature facili- 
tates speedy replacement faulty starters. 

protect the starter from 
overloads when shaft rotation restrained, 


torque limiter has been included. 


Plastic Body 


expendable electric jack 
nector, developed the Hatfield Wire and 
Cable Division the Continental Copper 
and Steel Industries, Inc., offers another illus- 
tration the design possibilities plastics. 

Used for the end fittings the ignition 
leads air borne rockets, these plastic jack 
plug connectors offer greater production po- 
tential than similar die cast aluminum jacks, 
have fewer parts, offer more positive elec- 
trical connections and use minimum 
critical materials. 

The key the design lies the polysty- 
rene body. Here, one injection nothing, 
the contract shaft assembly with lead wires 
molded and bonded place. 


136 


hounting 
Mounting geor Quick attach detach 
retainer plate hex extension — 


99 


Engine 
“Spline engine mount ring nuts 
JET ENGINE STARTER. Spline headed nuts hold the engine 
ing accessory case and fit into holds the starter housing 


the starter from rotating the engine when the load applied 


mounting 
4 Mount, nn geor 
Dip * 
ad 
Washers 


/ 
Locking plote springs guide bushings 


THREADED MOUNTING GEAR the main element the quick 
attach-detach mechanism the starter. rotated the housing 
and screwed into the engine mounting plate pinion. The 
shaft the pinion extends the outside the starter housing 


Simplifies Design and Reduces 


Button inner contact shart 


EXPENDABLE JACK PLUG with polystyrene body. This assembly 
was tested the the Navy, Bureau Ordnance, and 
the Air Corps and has been accepted for use air-borne rocket 
igniters. This part goes with the rocket and must replaced. The 
polystyrene injection molded housing gives uniform, 
orrosion resistant and tamperproof assembly. 


Outer contact 
sleeve 
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Splined housing 


Stee! ring Armature Pranetory insert SYarter 
limiter. gear plates Gear housing assembly 
bolt (6 regi) Clutch Port of carrying 
trichon ning orrier 
f 
Gear r 
mechanism 
EXPLODED VIEW 
pin anism shows the splined insert cam, and the pin 
follower that forces the starter out its frict 
ring and into engagement the 
shank carry the starting load 
Engine 
Snap ring 
rut 
‘ \ 
| plates carner bearing - ring 


CROSS-SECTIONAL DRAWING shows the arrangement ENGAGEMENT ANGLE the bronze friction 


quick-attach-detach bevel gear drive, laminated ring gear resistance clutch rotation until clutch 


and pressure springs torque limiter, and friction ring clutch extended. Over riding action drives the jaw back 
engagement. Circles enclose main elements engagement with friction ring for the next starting 


Cost Electrical Jack Plug 


| 
Contact Grand 


i 


(brass) Gasket Phenolic ) 
gasket 
(rubber) 


at 
field design, the contact assembly made and lead wires are soldered place before the polystyrene body 
é 


COMPARISON Hatfield jack-plug (left) with jack more conventional die cast aluminum design. the Hat 
y no 

on. The bayonet-lock rivets have been replaced projections the stamped outer contact shaft and the plastic 


i 


removes the need for the rubber seals and gaskets. prevent the inner contact from pulling out 
new jack, the phenolic rear spacer bonded the copper shaft when the two parts are assembled. The molded bods 


offers maximum electrical insulation and forms built strain relief for the lead-in wires 
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PRODUCT DESIGNS 


Continuous 
Chain Drive 
Permits 


Indexing 


ring gear deburring machine, de- 
signed General Riveters Inc. Buf- 
falo, Y., uses chain drive that ro- 
tates the gear holding chucks two 
brushing stations and the same time 
permits the indexing rotary table 
move the chucks into out engage- 
ment without necessity making any 
preparatory adjustment. 
chined ring gears are clamped 
the loading station and are 
rotated the brushing station where 
spinning wire brushes remove burrs and 
loose chips. 

The three ring gear hold- 
ing chucks are attached 
mounted shafts equally spaced around 
the edge rotary table. pneumatic 
indexing device periodically rotates the 
table and locks position when each 
the three chucks either one 
the two deburring stations the one 
loading and unloading station. 
chuck moves into deburring station, 
the sprocket its spindle engages the 
traveling drive chain. 

The indexing mechanism 
encorporates double acting cylinder, 
with gear toothed rack extension 
its piston rod. This rack, through 
mating pinion, actuates oscillating 
four bar linkage that engages and turns 
the rotary work table. 

Two wire brushes each deburring 
station are individually driven 
motors 1,800 rpm. Quick acting 
chucks permit the operator load and 
cycles. The valve the air supply can 
adjusted change the cycle from 
seconds seconds burring time. 
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chuck 


Cam plate 
assembly 


Gear 


Carn assembly 


holding screw 


Locking handes,.__ 


= 
fop cam 


Sprocket shat? 


4 
sf 4 © 
\ © ? 6) ‘ 


Chains that rotate the chucks 
the brushing stations are held 
their far ends idlers and 


Lop 


come into engagement and drive the 
----- notch sprockets the chuck shafts. 
| chuck sprocket engages a sfationary 
chain that keeps the chuck still. the 


foreground the main drive moto 
chucks. Power taken from the 


gear box changes the direction 


tation deg and imparts 
base torque into the traveling chain 
Spring loaded idler sprockets keep 


chain drives taut and permit them 


give when the burring stations 


; 


into position to t rot 


| 
| 
| 
it 


Double acting 


drive. the position show the 


has just begun. 


index wheel lock has been forced 
position the indexing lever, 
the indexing pall engaged. 
lock drops into the next locking 
the air piston will have the 
end its forward stroke and wil! 
slowly return the lever repeat the 
cycle A valve on the atr cvlit 
lates the sper d of th 
Wire brush 
motor 
3 Ca tuated 1 | 
six chuck jaws 
ward by a six lo | i of wu 
racted Dy pins tn el i 1 ( 
im plate assem ly | impil 
angle handles are welded the top 
s/ors and ch ull rOLates OF) a Ol 
| Dove toil ng Scr is shown t] 
slot Transverse transverse slide 


adjustment 


4 | Oo! the 
iles is ht 
lateral po wn, can ft } to 
limited amo Dov 11 ics 
square h 1 JackK-screw pro 
*s nent All tour otors fa 
Height adjustment screw idjustment features but modificatior 
7 
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PRODUCT DESIGNS 


Ice Cube 
Maker Works 
Automatically 


using system mechanical and 
thermostatic switches control the refriger- 
ant, feed water and electrical circuits, the 
cyclic operation this ice cube maker auto- 
matically maintained. ice slab frozen 


holders. General Electri 


directing flow water over tilted the storage bin the automatic ice cube maker 100 
plate through which refrigerant ice. The cabinet 1/4 in. long, 1/2 in. wide, 3/8 
When the ice slab builds pre- and has porcelain finish inside and out. When some the 
. 
ubes the storage bin have been used, the freezing cycle will start 
ind continue until the used quantity has been replaced 
stops the water pump and opens solenoid 
valve that directs hot gas from the receiver 
the freezer plate. The ice breaks free from 
the heated plate and slides onto assembly 
electrically heated cutting grids. The slab 
ice melts through the heated grid assem- 
bly and into the storage bin cubes. 
slides into position the grids contacts 
the arm heater switch that directs 
Woter 
volt current heating element the collector 
thermostat the ice thickness control. When 
heated closes the solenoid valve 
ind starts the circulating pump for the next 
freezing cycle. 
WHEN THE CIRCULATING PUMP STOPS, all water flows into 
eral Motors Corp., Dayton, Ohio, the unit 
the reservoir and automatically syphoned off. The tank 
said have automatic cube making with fresh water for the next freezing cycle. float valve 
5,000 cubes period. the reservoir maintains the water proper level 
— 
Applications High Strength Permanent Magnets 
AMONG THE INTERESTING APPLICATIONS found for high door latch their refrigerator and Saco-Lowell 
rength permanent iterial coupling for the Company Boston, Mass. has applied the door 
ontactor shaft roboscopic lamp made General the gear cabinet their new textile spinning frame. 
Radio Corp. nchronize the light flash Magnetic tension, produced the attraction 
ith the turning speed element nagnetic field for other magnetic materials, has been used 
ly, ontactor rectly connected actuate snap switches, thermostats, and pressure controls. 
otating par permanent mag the end Permanent magnets have replaced springs tor many applica- 
lement without use auxiliary adaptors couplin Magnets have been used for some time separate tramp 
has enough holding power drive the contactor metal particles from hydraulic and pneumatic circuits 
can simply pulled apart Now, with high intensity magnetic material available 
Permanent magnets have been used ral prod smaller magnets can made fit the more delicate 


systems laboratory test stands, and flow meters 
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ret 
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from 
100 CUTAWAY VIEW ice cube maker shows arrangement con CENTRIFUGAL PUMP circulates the wat 
ponent parts. standard h.p. Frigidaire compressor unit the plate. When the ice slab 
the refrigerant through system. Heat exchanger coils which precool incom- the desired thickness, the thermostat 
ing water are under the ice strainer and water meter circulating pump and causes the soleno 
ing assembly delivers clean water gallons per hour pass hot gas the 


THE ICE SLAB CUT into cubes 
angles each other warmed 


step-down transtormer located 


1) 


ict 


the cul es are Cor 


sheet steel separator being manufactured 
boloy, Department E., Detroit, Michigan, that 
When the unit held against the edge stack sheet 
steel, the separate and adhere individually the 
stainless steel face the separator. The non-magnetic 
and work. SINTERED ALNICO 
Hyflex Alnico made the Indiana Steel Products From 0.125 
Company, Valparaiso, Indiana. Owing its hardness this 0.625 
ble, grinding. Inserts The table above, taken from Carboloy Bulletin shows 
duced the time casting and must designed normal lineal tolerances that can expected two 
into account the shrinkage factor the magnetic material. types high strength permanent magnet material 


two sets righ Hot gas warms the freezer plate 
olt current supplied from the slab ice break When the 
they fall into the storage bin below heater switch the left side rid 


GEORGE BARROW 


Westinghouse Electric Corp 


takes more than single 
adjective short note 
knurl which tolerances are 
critical. accurate method 
designation such the dimen- 
sioning system proposed 


the author herein 


FREQUENTLY, 
drawings the 


mons of 


non-uniformity 
does not provide control 
dimensions. 

course precision 
Some types 


gonal tooth diamond 


re 
quire 


Threads per inch 


Fig. 1—Data for steel, brass and aluminum for selecting tool pitch give the 
desired increase outside diameter buildup. 


Fig. detail drawing for this precision parts used the designation 
Straight Preferred system the information shown 


ducts. Close tolerances are unneces Establishing 


} 


these cases since the material both accurate and practical from 


wy! lwa Mm ytimmat 
will always mate intimately with production standpoint involves two 
same condition exists Onc 


the relation between 
are used for decorative 


the diameter stock and pitch the 

products, particularly splitting serrations repeated 

mall machine elements that employ revolutions the work against the 
obtain press tool. This requires approximately 

rigid system even division the circumference 

Except special cases where con- 

ditions warrant tool development 

compute the exact 

occurs with the maximum diameter pitch size and supply special tool 
the shaft and the minimum diameter each diameter stock encountered. 
the hole the hub bushing. The more practical solution for the 
ation procedure concentrate the neces 
for applications sary buildup, increase diameter, 

and allow the shop freedom select- 
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L ] ldar trad ster, 4 
1 parts ir¢ eldom ade items 
and there 1s no tandardization a f 
such, this system designation tends 
i 
to put the responsibility for the end ( 
prod ict on the machine Operator rather 
than the designer. Furthermor 
what considered medium knurl 
one operator can De a fin Or cven 
a coars One tO an operator in a 
different shop another machine 
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erator the same shop. This leads 
ro su an 
over critical 
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Fig. 2—Approximate range tool pitches that can used with given stock diameters 
Combinations that fall beneath the curve are avoided 
An 
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4Othas, h of tool to pr 
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I y vith a tool having 
min 
\ n 1 « 
' i \ — OCK, i 
n h 
; 
228 
ons 
Fig. 4—This knurl was originally Following the authors 
sugg 
vine 
ing the final pitch. approximate increases the number serratio drawings 
pitch can suggested modifications for given diameter stock until The nominal 
are allowed prevent double-knurl- point the result can ter 
from threads per inch, diameter over the final surface 
determined the setup man, important factor and the resulting 
usually better assurance satisfactory number serrations secondary threads 
results than the use Data the buildup steel, bras shown 
calculated pitch for given diameter. and aluminum stock given Fig erence only. Alt 
The other factor, which was guide the selection knurl could 
previously, the final diameter For given pitch, the builduy lesig 
the knurled area. For this, the classifi increases slightly with increase ance. The diamet 
cations fine, medium and coarse, stock. The range ind area, which 
entirely inadequate. From practical cated the short lines through the mportant detail, 
serrations that can made end the line represents the informat 
given diameter stock and yet re- minimum twelve serrations and given pert 
can designated the coarsest knurl. 3.82 the threads per inch. preting 
Reducing the pitch reduces the buildup other end the line indicates 
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Traversing Mechanisms Used 


The seven mechanisms shown below are used different types yarn and coil 
machines. Their fundamentals, however, may applicable other machines which 


Thread 


guide 


Traverse 
ro// 


Traverse 


Counter weight 


FIG. Package mounted belt driven shaft this precision type FIG. Package friction-driven 
winding mechanism. Cam shaft imparts reciprocating motion trav- Yarn drawn from the supply source mon 
erse bar means cam roll mat runs cam groove. Gears deter- traverse roll and package from 
mine speed ratio between cam and package. Thread guide attached continuous groove the Different winds yarn 
traverse bar. Counterweight keeps thread guide against package. obtained varying the grooved path. 


4 


FIG. Drum drives package friction. Pointed cam shoe FIG. that rides heart-shaped cam groove engages 
which pivots the bottom side the thread guide slot traverse bar driver which attached the travers: 
rides cam grooves and produces reciprocating motion bar. Maximum traverse obtained when adjusting guide 
the thread guide assembly the traverse bar. Plastic cams perpendicular the driver. angle between guide and 
have proved quite satisfactory even with fast traverse speeds driver decreased, traverse decreases proportionately. Inertia 
Interchangeable cams permit wide variety winds effects limit this type mechanism slow 
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Universal Winding Company 


changes motion. Except for the lead screw used, for example lathes, these 
represent the operating principles all well-known, mechanical types traversing devices 


FIG. bevel gears which are driven com- 
mon bevel gear, drive the shaft carrying the traverse screw. 
nut mates with this screw and connected the 
guide. Guide slides along the reversing rod. When nut 
reaches end its travel, the thread guide compresses the 


spring that actuates the pawl and the reversing lever. This 
engages the clutch that rotates the traverse screw the oppo 
site direction. indicated the large pitch the screw, 
this mechanism limited low speeds, but permits longer 
lengths traverse than most the others shown 


FIG. Two cam rolls that engage heart shaped cam are FIG. Traverse cam imparts reciprocating motion cam 
attached the slide. Slide has driver roll that engages follower which drives thread guides traverse guide rods 
slot the traverse bar driver. Maximum traverse (to capacity Package friction driven from drum. Yarn drawn from 
cam) occurs when adjusting disk set slide parallel the supply source through thread guide and transferred 
traverse bar. angle between traverse bar and slide the drum-driven package. Speed this type mechanism 
increases, traverse decreases. deg traverse zero. determined the weight the reciprocating 


parts 
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Percent Synchronous Speed 


100 200 300 
Percent of Full Load Torque 


Fig. for three phase squirrel 
cage motor. Drooping characteristic advantage since 
motors tend divide load equally without adjustment. 


110 


forque 


Cycle Synchronous Speed 


Fig. 2—Speed-torque relationships for 
nous motor with squirrel cage starting. These motors 
erate substantially constant speed with varying loads. 


Adjustable Frequency 


Adjusting the speed machine that driven several 


motors special problem control. The adjustable fre- 


quency technique successful solution, offering the benefits 


good regulation, 


become 
increasingly desirable resort 
ndividual electric motor drives for the 
rious tions The design com- 
initial cost and maintenance 
line shaft drives are greatly respon- 
sible for the swing multi-motor 
drives. However, the use severa 
motors machine drive 
the problem control 
The well known Ward Leonard con- 
trol system consist a-c d-c 
motor generator set, which furnishes 
adjustable armature voltage the 


pant f Milwaukee and the Dynumatic Corporation 
Kenosi 
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economy 


and wide 


various individual motors. 
tem successful machines requir- 
ing wide range overall speed 
adjustment, well individual unit 
speed changes where close speed regu- 
lation with load, temperature and volt- 
age changes are not too important. 
many cases, poor regulation con- 
tributing factor the success the 
particularly where some tension 
required the product between sec- 
tions. the speed regulation im- 
portant, then the load and temperature 
changes may require that the motor 
operator readjust the vernier re- 
sistance keep the loads speeds 
equalized. great many applications 
require individual adjustment the 
speed torque various sections, 


and such cases, the d-c Ward Leon 


ard System regarded 

The variable frequency type 
general, similar the Ward 
Leonard System, except that the 
quirements are 
most, very small percentage 
speed change between sections. Fron 
the beginning the development 
the polyphase squirrel cage and syn 
chronous motors, has been 
that the ideal way accomplish 
quency and voltage 
tion. The impedance the motor 
circuit directly proportional 
applied frequency, frequency 
lowered, the reactance also drops 
Now, the voltage held constant 
with decreased impedance, the motor 

may increase dangerous 
levels. Thus, when the frequency 
changed substantially for speed 
control, advisable provide sim 
ultaneous voltage adjustment. 

Since the inductive reactance 
a-c motor varies directly with the fre 
quency, the exciting current and torque 
vould remain fairly constant with 
May, 1952 
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Fig. Curves for three phase reluctance type synchronous motor. all 
frequencies, this motor operates practically constant speed over wide 
range torque values and often employed multi-motor drives. 


Motor Drives 


constant ratio volts frequency, 
were not for the resistance factor. 
The resistance drop the motor, 
primary and secondary, for practical 
purposes remains constant. Therefore, 
lower speeds, the percentage 
effective voltage remaining less, 
the torque reduced and the speed 
regulation greater. The lower the 
motor resistance can made, the bet- 
ter the torque and speed regulation will 


Motors for Group Drives 


The types motors discussed be- 
low are suitable for adjustable fre- 
quency control. The characteristics 
each are illustrated for purpose com- 
parison. should remembered that 
the values shown the typical curves 
are for specific motor designs and can 
vary greatly with different motors. 
Furthermore, the characteristic curves, 
Figs. show only the speed 
torque curves the drive motors. The 
overall speed regulation each sys- 
tem discussed separately. 

Squirrel cage motors are easy 
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apply, because simple 
starter can used connect dis 
connect the motors any 
and voltage. Typical relationships 

tween torque and motor speed are 
given Fig. for various frequencies 
Comparison these curves for given 
value torque shows that the drop 
greater for lower values applied 
frequency. The drooping characteris- 
tic advantage for applications 
such conveyors, because the motors 
are inherently stable insofar being 
able maintain equal load division 
without adjustment. other machines 
where the loads are steady and wher 
desired keep the units syn 
chronism, the motor characteristics can 
matched the factory all motors 
will change speed about the same rela 
tive amount over the practical range 
frequency. 

Where the speeds several indi- 
vidual units are closely synchon- 
ized the squirrel cage starting, d-c ex- 
cited synchronous motor can used. 


See Fig. for comparison the 


speed torg Ve> 

windings causes reduction 

oO {fr 
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nearly speed, the 
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d-c excitation otor 
or, reg | S of k 
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characteris ST 1 to ( 
Various | Stort 
Standard motor ratings des 
onstant speed and 
vitho onsidering the heat 
fan action tull 
tilation at half sp 1 is \ 1to« 
fourth Therefore on i 
orque basis, larger 
needed prevent 
Adjustable freq control, 
ipplie { to th wove moto \ i 
principally suitable for group drives 
Here, the simplicity the control 
ind the results obtained favorably bal 
ince the cos An ov h id conveyo 
unit drive printing for 
rel cage motors diff points 
stopped tog ntrol 
at th idjus [ Vy sour In 
h es, ti i oror 
mechanically tied together shaf 
ing: the conveyor chains belts 
or, the material passing through 
machines. The motor her 
vide the load equally witho 
ment and without being affected 
temperature changes. How 
sections are completely ind 
lent (have mechanical tie-in) 
for group squirrel 
motor drives are limited 
where slight speed variations amor 


inits can tolerated. Otherwise. 


hronous motors should specified 
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o-c power source 


a-c squirrel 
cage motor 


4 


exciter 


ad-c 


currert 
“chitch 


cage 


Adjustable a-c 
ond 


Fig. 4—Use motor-generator sets provide source Fig. Adjustable frequencies can obtained trom 
adjustable frequency for multi-motor drive. squirrel cage m-g set incorporating eddy cur- 
This system performs satisfactorily but costly, rent clutch. Frequency the generator output voltage 
bulky and exhibits comparatively poor regulation. controlled regulating the slip this clutch. 


Adjustable Frequency M-G Set veloped they can applied over sists squirrel cage motor, direct 
wide range speeds and torques with eddy current clutch. The 
good speed regulation. The air cooled clutch, turn, direct coupled the 
types are available sizes The other equipment 
with integrally mounted squirrel quired includes motor line starter; 
cage motors. For larger sizes, water separate excitation for the alternator; 
cooled clutches 5,000 are electronic exciter for the clutch; and 
built, which can direct coupled small alnico com 
either squirrel cage synchronous parison the elements this system 


One means obtaining adjust 
ible frequency and voltage, Fig. 
onsists a-c motor driving sepa 
rately excited d-c shunt generator. 
[his motor-generator 


variable voltage for d-c drive motor, 
coupled separately excited alter- 


nator. The voltage and oui 


motors. pictured Fig. with those 
put the direct pro variable frequency generator set, equipment illustrated Fig. dis- 
similar the one just described, con- that the eddy current clutch dis 

Several disadvantages are apparent 


this system which have limited its 

First, the speed regulation 
the motors affected the summa 
tion the regulation all the 


hines the system. This can 


prove 1 by using a syne hronous motor 
the first motor-generator set, which 


ilso has the effect improving power 
factor. Another factor s that the 


iitial iS necessarily because 


D-c brake (F) 
the number machines and their 


controls. The efticiency low, but 
this usually minor consideration 


ompared the cer 


esses. addition. Tachometer 
valuable building pace 


Lastly, considerable main- 
involved, especially when 
equipment installed 
improve the overall speed regulation 

speed range about 8:1 can 
obtained operating the 
erator field rheostat. Where all mo- 


tors started simultaneously, 


Electroruc 
brake exciter 
and corrtro/ 


: . sething poterttometer 
from zero for smooth acceleration. 
Adjustable Speed Clutch Fig. 6—A special design frequency converter convenient power 
source for multi-motor drives. Only machine required, this equip- 
recent years, eddy current slip ment compact and provides good speed regulation over wide load range. 
clutches and brakes with electroni 


excitation and control have been de- 
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the two d-c 
ntrol the alternator governed 
tachometer voltage which fed 
the electronic unit control 
turn, excites the clutch 
eld with just the right amount 
oltage maintain the shaft speed 
the selected value regardless 
load the slight Variations 
input speed that caused the 
hanges the slip the squirrel cage 
notor. 
The amount power for the clutch 
citation varies from maximum 
200 watts for ratings and 
watts for ratings 150 hp. 
This not large factor efficiency. 
comparison the two systems indi- 
ates that, above speed, efficiency 
favors the clutch and, below 50% 
speed, favors the d-c drive 
Speed regulation the clutch-con- 
trolled system much better than that 
the d-c drive, particularly the 
higher speeds. Speed variations 
rpm are cause clutch 
coil voltage corrections from zero 
full excitation. Therefore, high 
speeds, egulation 
would plus minus one percent 
better, and about the low 
range 8:1 reduction 


Adjustable Frequency Converter 


The induction frequency converter 
wound rotor motor with primary 
stator winding connected three 


phase source constant a-c voltage 


rotor winding 


é 


onnected to slip 
rings. From these rings can 
tained frequencies lower higher than 
the source. the rotor free 
and the rotor circuits are comple 
placing load across the 
rings, the machine Operates mo- 
tor. Should the rotor held station 
ary, voltage generated across the 
slip rings virtue the rotating 
magnetic field set the stator 
windings. The frequency this gen- 
erated voltage the same that 
the source the primary voltage 


ur 


Frequencies higher than those 
the power source can also obtained 
from the converter. This done 
driving the rotor direction oppo 
site that noted when the converter 
was run motor. The frequency 
across the slip rings then function 
the speed the rotating magnetic 
field relation the rotor. The 
secondary such converters 
can varied changing the operat 
ing speed using multi-speed 
adjustable speed driving motor. Or, 
the converter belt driven, the 
frequency can adjusted changing 
the ratio. this way, several 
different frequencies are available from 
the same converter adjust the speed 
motors that are connected across the 
slip rings the two dif- 
ranges higher frequencies are 
required, the frequencies can pro- 


Fig 


Frequency changer produces cycles from cycle supply. 


Housing contains rotor and eddy current brake. Although construction sim- 
ilar that wound rotor motor, performs rotating transformer. 


ENGINEERING May, 1952 


r* 
same driving motor. two 
erter sets may € used 
When the rotor frequency 
verter iS retarded it Opera 


At speeds iesS than its rated specd as a 


otor, the secondary fre yuencics 
the slip rings are less than line 
quency. zero rotor speed the 
ondary frequency equal 
frequency and the voltage max 
The magnitude this voltage depends 
on the ratio of primary to secondary 
windings. the rotor permitted 
o come ip to Ss} ed, both 
ind voltage decrease direct propo 
ion to the slip sp 1o d trerenc 
=~ syne hronous and rotor speed 
When load connected the slip 
rings current the rotor wind 
ings develops motor torque that 
ends to speed up ne A 
draw its power from the slip rings 
of th converter represents a Varyin 
load that the jue developed 
the converter rotor. Such tor 
fluctuations, uncontrolled, lead 


variations the voltage and freq 1en 
ivailal le at the converter sliy 1 
The motor motors powered 


these slip rings would subject 


instable Operation result the 
varying voltage and frequency 
avoid this situation, necessary 
eXa tly ilar € th motor tord u 


the converter all times 


infinitely variable controlled brak 


The relationship the elements 


a 
which make such 


The frequency 
shown as A, the 


rotor windings 
and the slip rings the shatt 
xtension one end the machine 
mounted the eddy current brake drum 
rotates inside the stationary field 
member This member carries the 
excitation coil the opposite end 
the machine mounted the tachon 
ter generator which generates 
voltage and frequency direct propor 
tion rotor speed The signal voltage 
the 


electronic control against the rence 
oltage determined the position 


The difference these two 
ages, acting the grid 


ionate amount 


and feed 


of a power from I 
1 variable d-« voltage to the brak 

coil. This produces braking 

that always exactly balances the motor 
torque. the converter starts speed 

load added, the slip ring 
voltage increases, resulting stepped 
rease load causes 


drop braking torque. The conver 


149 


ing the rotor shatt 
ine can 
igs. © an 1 
stator 
, 
| 
| 


rd 


only below that the line 


since the rotor not driven 
external motor. 

rpm causes enough voltage change 
the tachometer generator alter the 
brake excitation from zero maxi 
mum with infinite number 
ermediate voltages for maintaining 
alance between motor torque and 
braking torque. 

For given constant torque 
current, the copper losses 
the rotor and stator remains prac- 
tically constant over the entire 
speed. The stator iron losses are 

tantially constant under the 


onditions. The rotor iron losses will 


hange slightly as the 
hanges However, this minor 
loss. When operating high speed, 


motors are receiving high voltage 
ind the motors develop- 
high horsepower and the changer 
otating relatively slow speed. 
reduced motor speed 


} Wer output develop 


the hors 

ed decreases In 
lirect proportion the and 
oOilage, To provide these conditions 
voltage and frequency, the fre 
quency speeds proportion- 
The power drawn the motors 
omes through the changer trans 
action. Thus, the frequency 

ith rotating secondary. 

Since for given torque, the 
ondary and primary currents remain 
onstant, found that the primary 
power input the changer remains 
practically constant However, the 


* 


Fig. Main control for frequency changer group drive. 


described can, course, provide 


product volts, amperes and power 
depending the voitage. The dif- 
between power input the 
changer and the power received 
the motors (minus changer copper and 
iron losses) must absorbed the 
brake. mechanical power ab- 
sorbed the brake converted into 
heat the surface the brake drum 
result the eddy currents gen- 
erated the iron. losses are 
proportional the slip speed and 
through the air gap for given 
torque. high rotor speeds the heat 
dissipated the brake maximum, 
and this loss decreases straight 
line minimum low speeds 
within the practical range operation. 
The heat thus dissipated the brake 
the same would result from re- 
sistors the secondary circuit 
wound rotor induction motor under 
the same torque and speed conditions. 

The usual self-ventilating fan 
rotors constant speed motors are 
ineffective frequency converter 
because the rapid reduction air 
moved the speed decreases. From 
the previous discussion, seen that 
the copper losses the a-c windings 
are practically constant and the brake 
converts into heat all the power that 
not used the drive motors. 
insure adequate ventilation under all 
onditions, motor driven forced ven- 


over kw, the economy space and 


first cost warrants the use water 


cooled brake, direct coupled the 


onverter. 
The control for such system 


This includes electronic 


control for eddy current brake with emergency switch for spare exciter. 
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relatively simple illustrated Figs 
and For starting the converter 
primary contractor No. Blower 
Siarter (BO), and secondary contrac 
tor No. with small bank 
resistors are required. The timer con 
tact the secondary contactor 
circuit, No. prevents setting 
power circuit the drive motors unti 
the electronic tubes have been warmed 
and the changer speed 
Depression the start button simul 
taneously closes the No. power 
cuit the motors low 
and low voltage; drops out contacto: 
No. disconnect the starting 
sistor bank and energizes the 
exciter circuit the brake. The 
setting potentiometer 
can left any desired pre-selected 
speed. The brake immediately receives 
changer and speed the motors 
until the voltage from the governor 
generator balances the voltage set 
potentiometer this point, 
the brake excitation automatically 
changed the right value maintain 
the speed desired. This method 
starting brings all motors together 
smoothly rate which can gov 
erned the electronic exciter. 

start and stop each motor individu- 
ally. this case, individual across-the- 
line motor starters can provided. 
long One more motors are con- 
nected the changer provide suf- 
ficient load rotate the converter, any 
the other motors can thrown off 
the pre-selected voltage and 
load connected across the rings, the 
rotor circuit open. 

The overall speed regulation such 
system good because only the regu- 
lation the converter must added 
the motor regulation. Where 
excited synchronous motors are used 
the line, they can over-excited 
improve power factor which results 
better secondary voltage. 
frequencies where the squirrel cage 
motors have poorer speed regulation, 
the resistance factor can offset 
automatically connecting booster trans 
formers the converter secondary 
increase the voltage without changing 
the frequency. Boosters also improve 
the torque all types motors and 
permit wider range speed adjust- 
ment than the usual three four 
one range. 

The converter system requires only 
one main two bearing machine, which 
normally rotates relatively slow 
speed, and simple compact control. 
This important from the standpoint 
initial cost, building space required 
house the equipment, and mainte- 
nance. 
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Conditions today require average engineering department 
these Objectives are how welf 


this section PRODUCT ENGINEERING 


current practices and techniques. 


Known objectives and policies supported adequate budget 


Suitable organization structure with definition responsibilities and authority 


Staffing positions with engineers adequate capacity and training 


Establishment suitable worxing conditions and facilities 


Provision effective systems and control procedures 


STATES MEAD, Principal, Cresap, McCormick Paget, Management Engineers 


The author, graduate mechanical and electrical engineer, has 
studied and worked extensively the field finance and business 
management, and has devoted ten years the organizational prob- 
lems concerns. Cresap, McCormick and Paget has been 


retained many prominent manufacturing companies and the 
Government resolve problems organization, policy, procedures, 
personnel, methods and systems, This article the result special 
study conducted for Propuct ENGINEERING. 


ENGINEERING FUTURE in- 
volves many but none 
essential than the continuous 
provision strong and sound engi- 
neering activity within the company. 
Throughout the manufacturing in- 
dustries, particular, the engineer- 
ing function generally holds its com- 
pany’s future its hands. However, 
unrecognized 
many corporate managements, and 
frequently even engineering per- 
onnel themselves. 

Corporate top management, which 
often derived from the sales, man- 
ufacturing or Tinance divisions, too 
generally fails sit down with the 
engineer and gain understanding 
his problems. Presidents and 
chairmen the board are sometimes 
the worst offenders failing 
top management indicate 
specifically the engineering or- 
ganization “Here’s what we’re shoot- 
ing for this year, next year, 
and here’s what 
engineering function.” 

the same time, engineers have 
through negligence reticence 
applying their own activities some 
the principles scientific man- 
agement that have proven bene- 
ficial other functions business. 
Several postwar surveys have indi- 
cated that only minor percen- 
tage industrial firms today the 
engineering division department 
organized and administered with ad- 


more 


passes 


cause 


expect our 
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equate regard for acknowledged 
principles and practices sound 
modern business management. Yet, 
perhaps never the industrial his- 
tory this nation has there been 
greater advantage gained by, 
and greater need for, engineering 
management the highest order. 
Renewed attention management 
the engineering function has been 


made necessary the 
forward rush technical 
the post World War period. 
war-born advances the 194 


have been left behind the compe: 


tion accompanying expansion 
civilian economy and the stin 
lus rearming for defense, Fig 
There literally field eng 
neering which great strides 


not been made. All this has 
increased importance for the 


neering function most compan 
and, many, has forced expansi 
breadth and depth. 

While top management beco: 
ing increasingly dependent upon 
gineering, the latter becoming 
creasingly complex, 
where few top executives can rea 
understand what their engineers 


Table Check List Requirements for Engineering Policies 


Are the policies your engineering organization 


Generally known 
Uniformly understood 


Consistent with overall policy 


Applicable engineering objectives 


Adequate scope 


they provide sufficient guidance for determining specific plans 
and formulating standard procedures with regard 


Relations with inventors 


Design change 


Customer technical liaison 


Organization the engineering function 
Research and development programs 
Utilization outside research agencies 


Test programs and the use models 
Use outside test facilities consulting services 
Design standardization, including parts and materials 


Patents and licensing agreements 


Planning, scheduling, estimating and control work 
Engineering administration 

Engineering drawings, reproduction and reiease 
Security confidential information 

Facilities and working conditions 


the point 


Fig. 
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Fig. Rapid advancement technical knowledge evi- 
dent most all engineering fields. Northrop F-89 Scorpion, 


talking about. Problems are arising 
reason increased numbers and 
greater complexity projects, and 
higher research and development 
osts. And the Defense Program 
misery woe because 
takes top engineering time and en- 
ergy away from normal competitive 
business. 

typical case that company 
which throughout 1946 had aver- 
age three major developmental 
projects progress, involving es- 
sentially only one field engineer- 
ing. Throughout 1952 this same 
company will have average 
seven major developmental projects 
progress, involving two, and often 
three, different fields engineering, 
and budget six times that 1946. 


The problems referred above 
cannot overcome merely em- 
ploying greater numbers engi- 
neers, notwithstanding 
tendency for the engineering exec- 
utive seek solution this 
route. There seriously harmful 
shortage trained engineers and, 
this situation worsening. 
therefore essential that more effec- 
tive use made available engi- 
neering talent. 

Fortunately, many phases these 
problems can overcome har- 
nessing company’s existing engi- 
neering capabilities with sound 
organization structure and, through 
efficient management practices, di- 
recting engineering efforts toward 
established objectives. 


and Policies 


those engineers who dread even 
the slightest mention administra- 
tive functions, reference “objec- 
tives and policies” will ana- 
thema. Yet, without known objec- 
tives, policies (Table govern 
administration effort toward them, 
and realistic budget their sup- 
port, the engineer handicapped. 

The broad objectives engineer- 
ing and research are threefold: (1) 
provide product maximum 
utility and value relation 
price that gives profit; (2) 
maintain the company’s competitive 
position from engineering design 
standpoint; and (3) achieve econ- 
omy manufacturing the extent 
that depends good engineering. 
However, aims less broad than these 
are 
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Presumably, the engineering ex- 
ecutive cannot plan his organization, 
his personnel needs his facilities 
requirements unless has identi- 
fied more specifically his objectives 
terms the character and scope 
the research and engineering ef- 
fort undertaken. Budgetary 
expansion personnel facilities 
would seem unwise without 
planned objective. Yet, the chief en- 
gineer large company one 
the major industries recently be- 
moaned his situation with the state- 
ment “Our planning can hardly keep 
with our expansion.” was 
expanding his engineering division 
with nothing more than short term 
objective and with almost policy 
mandates from top management. 


Certainly, neither research nor 


all-weather interceptor mounts two late-model Allison jet 
engines that produce speeds excess 600 miles per hour. 


design projects can established 
logically the objectives are not 
known and the governing policies 


set. Questions such the following 
will left unanswered: Should 


On Al 


design utilize existing facilities 


beyond, present 
experience or beyond, present 01 
new sales force? addition, 
can assurance that all devel- 
opmental work undertaken justi- 
fied, that due consideration 
given new ideas. And, procedures 
planning cannot efficient 
such circumstances 
prerequisite sound objective 

policies and budgets for research 
and engineering is, course, 
existence known company-wide 
basic objectives and supporting poli- 
cies. These basic objectives should 
identify the long range aims 
company with respect to the charac- 
ter, size and profitability the busi- 
ness. The supporting basic policies 
should establish principles govern 
the conduct operations toward the 
objectives, for example, 
with respect diversification 


simplification product lines, gov 


ernment business, plant investments 
and relations 

When basic objectives are not set 
Directors, the Executive Committee 
the chief executive officer, there 
tendency for the engineering 
function develop company objec- 
tives natural result the ap- 
plication its analytical and cre- 
ative brains research and devel- 
opment, and its ability design 
marketable product 

Thus, the company’s basic objec- 
tives come determined more 
chance, through the research and 


design initiative its engineering 
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THE INTERRELATIONSHIPS OBJECTIVE, POLICY AND PLAN 


OBJECTIVE 


ATTAINMENT 


IMPLEMENTATION 


organization rather than the con- 
sidered judgment its top man- 
agement. 

Engineering’s 
lenge administration, the funda- 
mental tool which policy. Table 
lists requirements with respect 
engineering policies which, course, 
should consistent with those 
the company whole; and this 
end, necessary that overall 
company policies known. Actu- 
ally, engineering policies are prin- 
ciples attitudes formulated for the 
purpose guiding and governing 
the future decisions and actions 
the engineering function. 

When the various engineering ob- 
jectives are known, plans and pro- 
grams can developed achieve 
them. However, the selection each 
particular plan, from the many that 
might developed, should gov- 
erned approved engineering pol- 
icy. This, course, 
importance policy formulation, 
which probably the most signifi- 
cant all administrative responsi- 
bilities discharged the en- 
gineering executive. 

Finally, engineering policy should 
and satisfactorily interpreted. The 
means expression most frequently 
used that the engineering policy 
manual. Such manual, however 
brief may be, enables persons both 
inside and outside the engineering 
function, whose work concerned 
with action taken decisions 
made the engineering field, 
know the company’s stated policy 
with respect particular engi- 
neering question. companies with 
very small engineering depart- 
ment, the same end can achieved 
through common understanding 
engineering policy the few per- 
sons concerned. However, 
satisfactory only long policies 
are conveyed verbally and the work- 
ing relationship close. 
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POLICY 


REVIEW AND 


objective. 
ADJUSTMENT 


CONTROL 
INFORMATION 


Fig.2 


What Engineering Objectives? 


Engineering objectives 
clude separate and distinct research 
objectives, product design objectives, 
and service engineering objectives. 

Research objectives should indi- 
cate the relative attention giv- 
pure research distinct from 
applied research, where both are 
involved. Generally, management 
should sponsor both basic research 
and its commercial application 
appropriate balance the nature 
the business. These objectives should 
also indicate the accent placed 
particular subjects within each 
type research for the period ahead. 

Objectives some companies may 
extend reduction cost raising 
quality through research the 
control and improvement highly 
technical processes. This true 
companies the chemical steel 
industries, wherein chemistry and 
physics are predominate elements. 

utmost importance that 
there research objectives, for 
without them there soon comes 
research. The immediacy 
current design and service engineer- 
ing requirements tends displace 
research activity unless the latter 
can justified established 
objective. Similarly, unless research 
objectives are supported ade- 
quate specifically 
budget, their attainment seriously 
jeopardized. 

Product design objectives should 
more immediate and more spe- 
cific than research objectives re- 
gards the maintenance improve- 
ment company’s competitive 
position from engineering design 
viewpoint. guide the engi- 
neering organization that must ac- 
complish them, these objectives 
should spelled out 
product design aims. They can 
expressed terms desired im- 
provement the utility, quality, 


Policy, applied defined objective, governs se- 
lection particular plan used for attaining the 


Action the plan leads its implementation and, 
possibly, the attainment the objective. 

Records the implementation provide control in- 
formation which, when compared with the plan, permits 
appraisal its execution and review policy the 
light performance. 

Control information may force adjustment exist- 
ing policy; external factors also may force change. 


style cost the product. Th: 
should indicate any projected add 
tions the models sizes exist- 
ing product lines. And they shou 
take into consideration the types 
amount equipment availal 
for the manufacturing processes 
volved. 

company’s product engineeri: 
objectives should also 
nizance the defense program and 
the existence materials 
This may lead simplification 
product lines and standardization 
immediate engineering objective 
and the weeding out old prod 
ucts. Parts standardization may 
have place among the product en- 
gineering objectives compan) 

Appearance design should not 
overlooked the determination 
objectives for the improvement 
product design. Its impact 
style and, consequently the 
many consumer products, 
preciable. 

Service engineering the 
category engineering effort fo: 
which the objectives should prop 
erly identified. Facts gleaned fron 
service engineering experience pro- 
vide the basis from which 
research product engineering ob- 
jectives are developed and the 
portance having well considered 
objectives terms character and 
coverage cannot overestimated 

Generally, this means that the 
desired nature character the 
service engineering must deter- 
mined, along with its scope terms 
field coverage. Due consideration 
past experience, recommendations 
from the sales organization, customer 
correspondence, and customer plans 
should govern formulation ser- 
vice engineering objectives. 


What Engineering Policies? 


Engineering policies encompass 
wide range elements falling with- 
the scope research, product and 
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Ford Motor Company 


Fig. Design objectives can include improvement 
styling assembly through the use pilot models. 


service engineering activity, and in- 
clude the various administrative ser- 
vices conducted support thereof. 

Research vs. Product Design and 
Service Engineering. Perhaps ma- 
jor significance policy with regard 
the relationship between research 
engineering the one hand, and 
product design and service engi- 
neering, the other hand. Are they 
consolidated organizationally, 
exist clearly separate function 
within the engineering family? Will 
section the organization de- 
voted the service engineering ac- 
tivities, the pressure such 
activities allowed divert 
time and attention from design en- 
gineering, and both claim atten- 
tion the expense research? 
what extent will the same engineer- 
ing personnel given responsibility 
for both research and current design 
change, for both production engi- 
neering and consideration poten- 
tially profitable new ideas? These 
are some the questions 
answered engineering policy. 

The recommended policy that 
which guarantees the life and ef- 
fectiveness the research function, 
and thus insures the company’s fu- 
ture. Such policy calls for the fixed 
deterrnination research budget 
and clear delineation between re- 
search and other engineering activi- 
ties. 

Research budgets can set 
percentage (1) the company’s 
capital investment, (2) the normal 
capacity its plant, (3) the 
average annual sales for number 
preceding years. Those who relate 
the research budget sales are us- 
ing from about 2.5 percent 
much percent, the latter the 
chemical industries. However, any 
tendency have the research bud- 
get governed essentially last 
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sales profits should 
avoided, since expenditure for 
research may most appropriate 
the very time when current busi- 
ness poorest. 

Budgeting spurts for research 
also avoided wasteful since 
prevents the scientific conduct 
research and precludes continuity. 
Whatever budgeted should 
firmly committed and spent wisely, 
preferably that year, and any 
surplus used supplement the suc- 
ceeding year’s research budget. 

the maximum extent practica- 
ble, depending the nature the 
business and the size its engineer- 
ing organization, the research func- 
tion should operationally apart 
from product and service engineer- 
ing. this meant that should 
share neither the same engineers, 
the same working supervisor, nor 
the same immediate space with the 
part the engineering organization 
that deals mainly with day-to-day 
problems, design change notices, ser- 
vice, and government regulations 
current production existing 
models. This latter ectivity must 
conducted what might termed 
“fire brigade” basis, putting out 
the fire immediate situations. Re- 
search must free such distrac- 
tions. Engineers themselves are 
nature and training qualified differ- 
ently with respect the types 
engineering mentioned, and should 
assigned accordingly, whenever 
possible. 

Lastly, sometimes wise 
provide clear degree physical 
separation between the research en- 
gineers and those engaged the 
other aspects engineering activity. 
This may mean location widely 
separated cities, the case with 
many large corporations may 
mean the use more than 
curtain screen shield from 
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Fig. Engineering policy fixes relationship between re- 
search and design typified study car riding qualities. 


distraction and visible line de- 
marcation between research and 
other engineering areas. When such 
separation not dictated policy 
much time wasted regularly 
engineers whose natural curiosity 
and professional interest are drawn 
the very presence technical 
activities other than their own. 
addition, invites the bogging down 
research non-research details 

Specialization. There also pol- 
icy regarding encouraging allow- 
ing engineers specialize within 
the research engineering function 
itself. Wherever feasible this sort 
specialization should encouraged, 
since other phase organiza- 
tion does give greater returns than 
the field engineering research 
and design. 

Research policy should indicate 
the extent which product devel- 
opment generated from 
among employees outside inven- 
tors, distinct from within the 
research organization. Both avenues 
origination are vital. rely only 
that stemming from employees 
and inventors would mean having 
“hit and miss” result; rely the 
research organization alone would 
mean suffer the practical loss 
ideas from the other source. 

Contacts With Outside Services 
Definite policy needed govern 
relations with inventors, with outside 
research agencies and with facilities, 
test advisory services. Will inven- 
tors’ projects handled secretive, 
lished rump activities outside 
the normal organization? Preferably 
not, for many thousands dollars 
are squandered annually through 
device one justifying serious 
study, should fitted into the 
company’s research, product design 


service engineering function. 
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PROPOSED DESIGN 


A. STYLING 
DEVELOPMENT 
MODEL BUILDING 
BODY GROUPS 
CHASSIS GROUPS PARTS FABRICATED 
UTILITY FEATURES PRELIMINARY DRAWING 
MANUFACTURING TOLERANCES PRELIMINARY RELEASES 
SALES PARTS ASSEMBLED FOR 
DEVELOPMENT MECHANICAL FEATURES AND OPERATION FOR TEST 
GENERAL DESIGN SPEC- PRELIMINARY RELEASES 
FOR MODEL BUILDING 
H. THREE DIMENSIONAL 
DEVELOPMENT 


the company serious and has full 
confidence the man, and it, 
then there should reason 
withhold disclosure the inventor’s 
project within the company. 

With respect engaging addi- 
tional research general engineer- 
ing service through outside agencies, 
company’s policy should require 
that first consideration given 
expansion its own activities, 
retain for itself the benefit 
knowledge already gained. the 
other hand, the use outside engi- 
neering firms for special research, 
development test services 
standard policy for many companies 
whose activities would not justify 
the acquisition permanent facili- 
ties and staffing for these purposes. 
Engineering departments frequently 
call upon IBM other agencies for 
the solutions complex formulas 
means electronic “brain,” 
analogue computer. addition, in- 
dustry makes beneficial use ad- 
visory and test available 
such fields metallurgy, elec- 
tronics, 
and 


services 


instrumentation, chemistry 
physics. Policy should make 
clear the extent and the conditions 
under which such activities the 
Armour Research Institute Bat- 
telle Memorial Institute might 
engaged for professional services. 

Test Programs. What type tests 
will products given and how are 
they given? Will the company 
endeavor complete 
testing laboratory will antici- 
pate utilizing outside organiza- 
tion. either case, what extent 
are the reliability and validity 
laboratory tests checked 
test the field? 


maintain a 
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STEPS 


DESIGN 


Field tests can performed 
various ways. The major automobile 
manufacturers maintain large prov- 
ing grounds and testing laboratories 
for the purpose; small company 
might merely place its product 
service within the normal operations 
its organization where would 
handled persons varying 
skill. From policy standpoint, 
often wise give good experimental 
products prospective customers 
free charge for field testing 
their equipment. This generally has 
the effect promoting good-will, 
since potential customers are eager 
try newly developed item which 
might prove advantageous for incor- 
poration into their standard equip- 
ment. policy furnishing free 
samples new development 
prospective customers for test 
their equipment can 
both the company and the cus- 
tomer. 

matter policy, field testing 
should not applied preliminary 
designs. This especially true 
the intrinsic value the test com- 
ponent small relation the 
value the device which 
tested, since failure the item 
may cause serious damage the 
machine personnel doing the test- 
ing. Furthermore, unwise use 
potential customers for 
when there chance having 
number unsuccessful runs and 
consequent loss the customer’s 
interest the development. 

Standardization. This worthy 
object engineering policy because 
design standardization and simplicity 
can contribute much cost reduc- 
tion. Purchasing can facilitated, 


THE DESIGN DEVELOPMENT 


MODEL TESTING 
ROAD TEST FOR DESIRED 
PERFORMANCE 


PARTS TEST FOR DESIRED 
FUNCTIONAL 


Fig.5 


volume discounts obtained and 
riety inventory reduced, when th: 
engineers follow policy stand- 
ardization certain parts and ma- 
terials. Costs and delays are reduced 
when policy dictates that the engi 

neer’s specifications conform 

thoroughly possible those ma- 
terials, parts and products known 

the market. 

Interchangeability parts afford 
many advantages the manufac- 
turer well attractive benefit: 
the customer. Where circum- 
stances allow, this should sought 
matter engineering desig: 
policy. 

Design Development and 
definite policy regarding desig: 
development and change im- 
portance. should form the basis 
for positive and uniform 
the development new mode! 
through the various stages from 
proposal final release, 
trated for new model car Fig. 
Also, design policy needed 
identify the type changes consid- 
ered mandatory for immediate ap- 
plication all subsequent produc- 
tion, distinct from those changes 
that may incorporated con- 
venient point the schedule, and 
the priority followed with the 
latter. 

Patents and Licensing Agreements. 
any engineering organization, 
established and well promulgated 
policy with respect inventions and 
patents almost necessity from 
the employee relations standpoint 
alone. With respect licensing, 
large-volume users small parts 
require for their 
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MODEL CAR 


DESIGN SIMPLIFICATION 
COST REDUCTION 


REVIEW PRELIMINARY 
DRAWINGS FOR UNNECESSARY 
DIMENSIONAL TOLERANCES 


REVIEW PRELIMINARY DRAWINGS 
FOR EASE ASSEMBLY 
MANUFACTURING 


REVIEW DESIGN UNITS FOR 
SIMPLIFICATION RETAINING 
DESIRED FUNCTIONAL OPERATION 


REVIEW COST ESTIMATES 
PRELIMINARY DESIGN FOR DESIGN 
CHANGES BEFORE FINAL RELEASE 


DESIGN COORDINATION WITH 
TOOLING MFG. MODEL 
DRAWING SPECIFICATIONS 


more than one source, the manufac- 
turer such parts may forced 
adopt policy licensing others. 
This subject must 
thought through. 

Engineering Liaison. 
Policy with regard engineering 
liaison with the customer neces- 
bridging the technical minds 
the producer and customer organi- 
zations. also needed preclude 
giving any indication the customer 
overlaps voids responsibility 
and authority company’s engi- 
neering organization. 

Engineering policy, with due con- 
sideration for sales policy, must de- 


Customer 


Fig. Elaborate facilities for testing complex parts and 
assemblies are generally found the larger companies. 


—— 
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DESIGN REVISION 
FINAL RELEASE 


DESIGN CHANGES MEET 
COST OBJECTIVE FOR MANU- 
FACTURING 


DRAWING RELEASE 
BASED DESIRED COST 
PERFORMANCE RESULTS 


termine the nature the technical 
service liaison furnished cus- 
tomers. This will govern procedures 
with respect to communicating ser- 
vice complaints and service-life data 
the engineering department. 
will determine, for example, whether 
service publication will issued 
periodically otherwise, 
what form. 

Policy with respect technical 
liaison with customers and potential 
customers depends largely the 
character the product and the 
may encompass the subject spe- 
cial courses training for customer 
personnel. all cases where the 


and 


Boeing Airplane Company 


customers themselves represent 
are represented technical activi- 
ties, the engineering 
policies must necessarily provide 

there being effective, close liaison 

Administrative Services. Policy 
with respect adminis- 
trative services should encompass all 
the non-technical functions that sup- 
port and service the 
engineering efforts, including 
principal elements 

(1) Planning, scheduling, estimat- 
ing and control. 

(2) Personnel recruitment, selec- 
tion, assignment, training and ad- 
vancement. 

(3) Reproduction, release 
records, library and files 


engineering 


substantive 
such 


and 


The larger the engineering organ- 
ization and numerous and 
complex the products, the more need 
there for expressed policies with 
respect these administrative func- 


more 


tions. engineering department 
only individuals, admin- 
istrative responsibilities can cen- 


few 


tered one person shared all 
either case, administrative policy 
developed practice comes 
understood all, regardless 
However, when this small engineer- 
ing function greatly expands its size 
many have done, conscious con- 
sideration must given the 
terpretation of engineering admin- 
istrative policies. Otherwise, has 
happened many cases, coordina- 
tion and engineering 
technical effort from project proj- 


progress of 


ect becomes hampered inconsis- 


Fig. Independent research organizations are great val- 
companies when specialized problems must solved. 


Battelle Memorial Institute 


| 
| 


tent planning, incomplete scheduling 
and variable estimating. 

The absence expressed admin- 
istrative policy engineering mat- 
ters also leads the co-existence 
widely different approaches 
engineering progress control and 

cost determination. Planning effort 

identified many engineers 
being unnecessary and waste 
time, especially since circumstances 
often call for revision estab- 
lished plan. However, planning and 
scheduling feasible and essential 
the development sound esti- 
mates time cost. And, far from 
being impractical for complex 
variable engineering projects, plan- 
ning provides full and detailed vis- 
ualization the manner and extent 
which engineering manpower, fa- 
cilities and funds are being utilized. 

Policy should dictate that engi- 
effort, including research, 
will planned and scheduled the 
extent practicable and that this plan- 
ning and scheduling will dynamic, 
and hence useful. Other policy ques- 
tions might be: Should project esti- 
mates serve guide rather than 
fixed limit appropriation? Should 
they tied departmentally? 

Personnel adminisiration policy 
particularly important insofar the 
present-day engineering department 
concerned. This partly because 
engineers are short supply, but 
even more reason their gen- 
erally different temperament and 
higher-than-average educational 
level. Accordingly, there both jus- 
tification and need for expression 


oO! 


personnel policy directed specifi- 
cally engineers, although con- 
forming generally overall company 
personnel policy. For example, pol- 
icy should supply the 
uch questions listed Table 
and training policies 
are particularly significant the 
present time. Without planned re- 
cruitment, company may find 
difficult obtain adequate num- 
ber engineers handle increased 
work loads; and lacking training 
ence disinterest among staff mem- 
bers. they know how pay scales are 
set up, how often job performance 
reports are reviewed and what the 
prospects are for advancement, en- 
gineers, like most employees, retain 
interest their work and con- 
tinue set goals for future attain- 
morale thus maintained, output 
manhour increased, and stabilized 
staff retained 
Finally, policies govern engi- 
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Table Key Questions 


Regarding Personnel Procurement and Administration 


Are engineers used for recruiting? 

Are there any restrictions employment women engineers? 

Are undergraduates considered for part-time summer jobs? 
Are non-graduates with some technical training and experience 
considered? 

Should preference given local residents? 


Are company representatives selected keep touch with engineerin; 
schools? 


Can aliens used non-military work? 
Will traveling expenses paid facilitate tour plant and interview’ 
engineering recruitment separate from non-technical counterpart? 


SELECTION 


Are there pre-employment tests? 

physical examination required? 

Are references checked? 

citizenship required? 

Should security check made? 

engineering degree required? 

permissible compromise scholastic standing fill quota 
obtain other desired talents such supervisory experience, special 
technical training, teaching ability acquaintance with leaders 


given field? 


Are aptitude tests used? 


What policies govern initial assignment? 
What principles govern subsequent assignments? 


How are transfers handled? 


engineer immediately assigned specific job made part 


pool for future assignment? 


there any policy indoctrination? 

there specialized training other than experience alone? 

rotation through various departments encouraged? 

specialization one field emphasized? 

training encouraged and supported through financial 


assistance? 


What policy for supervisory training and executive development? 
What principles guide performance appraisal and advancement? 

there policy for giving preagreed raise stated intervals? 
What policy with respect recognition achievement? 


neering administration are not com- 
plete unless they provide adequate 
guidance with respect the engi- 
neering drawing media used, 
the selection reproduction meth- 
ods, the determination engineer- 
ing release practices, the mainte- 
nance engineering library, and 
the preparation and retention en- 
gineering records and files. 

When many engineering organi- 
zations are engaged defense work 
highly confidential nature, and 
the rest generally involved very 
competitive research activities, there 


doubt but that company’s 
engineering policies also should in- 
clude principles govern commu- 
nication and security information 
This might encompass policy with 
associations 
cieties. management favors the 
presentation technical papers 
writing articles for technical jour- 
nals, policy should prescribe proced- 
ures for checking information 
thus released insure agreement 
with general company policies and 
security regulations. 
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Organization 


Position Engineering Company 


The position engineering and 
research company’s organization 
tructure should normally gov- 
erned the nature its product 

preducts, but may influenced 
the size company and 
the technical background its gen- 
eral manager. However, under- 
lying consideration all cases 
that the product engineer, 
effective, must work closely 
with sales, purchasing, tooling and 
production (including shops). 

the character company’s 


also, 


products such that engineering, 
including research, perhaps the 
fundamental factor the ultimate 
success failure the business, 
these functions should always report 
directly the executive who man- 
ages the overall operations the 
company. This true for all com- 
panies highly competitive fields 
and with extensive need for re- 
search and design development ef- 
fort. For them, separate engineer- 
ing and research division shown 

companies making simple 
standard products, engineering 
secondary importance and gen- 
erally subordinated the executive 
charge manufacturing. such 
cases the major 
quirements are not much the 
research and development type 
the tool design, processing, methods 
and plant layout type. Hence, there 
Engineering Director Engi- 
neering. More likely, there will 
Chief Engineer reporting 
manufacturing vice-president, 
the title Manager Manufac- 
turing, possibly Director Engi- 
neering and Manufacturing. 

companies where traditionally 
the Executive Vice-President 
man who participates mainly di- 
recting the production activities, the 
Chief Engineer might report that 
executive level even though the 
engineering functions are relatively 
simple and minor importance. 
Under the same conditions, Direc- 
tor Research might also report 
that level research remains 
important despite being secondary 
significance. this case, would 
staff department section. 

When Works Manager Plant 
Manager is, effect, the general 
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manager business, may have 
engineering, purchasing, industrial 
relations and accounting functions 
under his jurisdiction. has been 
observed whose 
purchasing and industrial relations 
functions can justified under the 
manufacturing executive are gen- 


companies 


erally the ones whose engineering, 
also, most effective that or- 
ganizational location. However, this 
parallel must applied with cau- 
tion and due consideration given 


other governing circumstances 
The value of basic researcn alone 


may paramount that the re- 


search organization should es- 
tablished apart from the other engi- 
neering activity, and directly 
responsible top management. This 


true the case Bell Telephone 


Laboratories, Incorporated, whose 
primary mission 1S research and 
development and much whose 


research basic 

Occasionally, the research engi- 
neering function such impor- 
tance large corporation group 
affiliated companies that auton- 


Fig. 8—A separate Engineering and Research Division reporting the oper- 
ating head, such the General Manager, essential the organization 
companies where these functions spell the success failure the business. 


President 


Vice President 


and General Manager 


Secretary 


Vice President 


Director Engineering 
and Research 


Industrial Relations 


Sales Manager 
J 
Vice President 
Works Manager and Controller 
Materiel Production 


Shop Quality 


Fig. engineering department company making simple products that 
require more emphasis production tooling and processing rather than 
research and design generally subordinated the manufacturing executive. 


President 
and 
General Manager 


Assistant 
the President 


Vice Vice 
President 
Sales 


President 
Manufacturing 


Purchasing 


Agent Manager 


Manufacturing 


Secretary 
and Counsel 


Director 
Industrial Relations 


Chief 
Quality Control 


= | 
| 
| 
| 
3 
— 
Chiet 
Engineer 


PRESIDENT 


DIRECTOR RESEARCH 


AND ENGINEERING 


ADMINISTRATION 


Engineering Operations 


Material procurement, finance and committee 


maintenance 
Adminisration 


Personnel and relations, budget and 
office service 


Graduate engineers’ training program 
Technical Data Information 


Fig. 10—A Centralized Engineering Section well suited 
multi-plant company making various lines similar 


omous research company estab- 
lished serve them. This has been 
done the oil industry, exem- 
plified the Gulf Research and 
Development Company, wholly- 
owned, non-profit subsidiary the 
Gulf Oil Corporation which serves 
centralized Research Depart- 
ment for all the companies the 
parent corporation. 

Size the company, addition 
nature the products, should 
considered any determination 
that engineering 
the organization. the 
large multi-plant and multi- 
product corporations, the engineer- 


the position 
occupy 


very 


ing function appears various lev- 
els and various ways. Generally, 
the larger the company, the 
desirable 


engineering 


more 
will organize the 
responsibilities away 
from manufacturing, thereby simpli- 
fying the administrative function. 
such cases, however, care must 
taken prevent the engineers from 
retiring, speak, into “ivory 
tower” and being too far from the 
manufacturing function under- 
stand its problems with respect 
processing and methods, and per- 
haps too far from the sales function 
understand customer needs. This 
danger can avoided through liai- 
son and coordination achieved 
firm top management policy and su- 
pervision, and 
committees. 

The chart, Fig. 10, illustrates 
simplified form the engineering re- 
lationships multi-plant company 
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GENERAL MANAGERS 
PRODUCT DIVISIONS 


Technical Jurisdiction 


CENTRAL 
ENGINEERING 
Chassis Design 
Body Design 
Development Design 
Research 
Experimental Testing 
Laboratories 
Electrical Design 
Commercial Car and Truck Design 


where product lines are similar 
warrant extensive Central En- 
gineering organization some 3,000 
technical personnel, with proportion- 
ately smaller engineering staifs 
the product divisions. This concen- 
tration the company’s develop- 
ment work has the advantage 
providing one place more and bet- 
ter facilities and talent than any one 
product division could afford. has 
the further advantage avoiding 
duplication effort. This scheme 
centralized-engineering organiza- 
tion cannot applied such advan- 
tage when dissimilar product lines 
are involved. 

small company, regardless 
the product, the executive overhead 
must kept minimum. Further- 
more, since more reliance must 
placed individual action, and very 
little committee action, the rela- 
tive positions enginering and man- 
ufacturing the organization struc- 
ture should also take into account the 
qualifications the top executive. 
the general manager engineer- 
ing production man, the two func- 
tions can just well report him, 
since should able coordinate 
them. If, however, his background 
sales, finance law, the general 
manager company will wise 
join the enginering and manufac- 
turing functions the organizational 
level below him. When such the 
case and research element 
particularly vital importance the 
business, the research engineering 
function alone might located sep- 


Division Engineer each instance responsible for 
liaison with the Chief Engineers the various Central 
Engineering sections. 


DIVISION 
ENGINEERING 


products. Developmental personnel and facilities can thus 
pooled one spot the advantage all divisions 


arately staff section 
directly the General Manager 
the company. small compan 
there should problem 
achieving close liaison between suc! 
unit and either the 
the product and service engineer- 
ing functions. 

Job shop organization sometime 
necessitates special 
with respect placement 
engineering function the 
company organization. Fig. por- 
trays effective organization 
business job shop basis 
major product division larg: 
industrial corporation. Engineering 
functions are split between 
Engineering Department under 
Chief Engineer responsible 
General Manager and Job Shop 
Engineering Section under the Fac- 
tory Manager and Job Shop Manager 
Design control responsibility rests 
with the General Engineering De- 
partment. This instance where- 
the engineering function 
critical importance, and for this rea- 
son, the individual who the Gen- 
eral Manager the division also 
serving its Chief Engineer. 


Organization Department 


The structure organization for 
engineering activity 
developed expedient, layer lay- 
er, inconsistently and incongruously, 
and with greater than the normal 
tendency mold organization in- 
dividual personalities and idiosyn- 
crasies and avoid clear delineation 
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ELECTRONICS SECTION 


responsibility and authority. 
rms small medium size, this 
eems have been the rule rather 
than the exception. Only the very 
large companies can one sure 
finding organization chart and, 
perhaps, manual defining the re- 
ponsibilities and reporting relation- 
ships within the Engineering Division. 

Quite generally the above men- 
tioned weaknesses are not recognized 
because engineering tasks are getting 
done and the ill-defined organiza- 
tional relationships not appear 
engendering friction. 

What overlooked the fact that 
although the engineering tasks are 
being met harmonious manner, 
they are infrequently completed 
the schedule anticipated, and seldom 
within the manpower cost esti- 
mated. Organizational deficiencies 
are being offset the addition in- 
creased numbers engineers, 
the particular talents key people, 
and special added individual 
effort sharing responsibilities and 
“bending over backwards” avoid 

The insufficient number engi- 
neers with interest in, and keen 
mind for, organization and manage- 
ment imposes significant restric- 
tion corporate growth. Most en- 


Fig. 11—Job shop organization has the engineering functions 
split between General Engineering responsible the General 


GENERAL ENGINEERING 


SPECIAL CONTROL, 
WELDER AND 


PUMP CONTROL 


AND SPECIAL 
DEVICE SECTION 


GENERAL PURPOSE 
CONTROL SECTION 


JOB SHOP ENGINEERING 


DRAFTING PANELS 
BLUE PRINTS 


FILING 
CONTROL CENTERS 
DRAFTING 
WIRING DIAGRAMS 
DRAFTING RESISTOR 
SPECIFICATIONS DESIGN 


LABORATORY 
SECTION 


CABINETS FRAMES 


ENGINEERING 


gineers, their nature, are inclined 
resist organization, administrative 
procedure and cost consciousness, 
and few have been trained it. 
Happily, leading engineering schools 
have come recognize the increasing 
significance producing graduates 
with knowledge scientific man- 
agement well technical train- 
ing specialty. Subjects pertaining 
engineering organization and admin- 
istration are gaining ever-widening 
recognition necessary elements 
the engineering school curriculums. 

Organizational Planning. This 
one the tasks which engineer- 
ing executive must constantly 
than let organization form around 
people and along the lines least 
resistance. The latter procedure pre- 
supposes that the right type peo- 
ple are hand achieve the objec- 
tive for which the organization exists; 
but without plan organization, 
there basis for determining 
personnel requirements. Further- 
more, people are temporary, whereas 
the objective organization has 
degree permanence. 

the foregoing statements 
not suggested that effective organi- 
zation planning can accomplished 
without reference existing 


FACTORY MANAGER 


JOB SHOP MANAGER 
PRODUCTION 


PRODUCTION 


RECORDS 


PRODUCTION TIME 
CONTROL STUDY 


ADVANCE ORDER 
SPECIFICATIONS LAYOUT 


TIME STUDY 
MANUFACTURING 


available personnel. the contrary, 
such approach would result the 
waste the abilities some engi- 
neers and the assignment others 
duties for which they are not 
qualified. 

proceed organization plan- 
ning manner both sound and 
realistic, the engineering executive 
need only recognize the necessity 


i 


having properly thought out plan 
organization, adhering accepted 
principles and based the objectives 
that his organization achieve 
Then can modify that organization 
meet the really important person- 
nel factors which should reflected 
it. The so-called ideal plan may 
never achieved, since there are 
always modifying factors, usually re- 
lated personnel. Nevertheless, 
there are advantages having all 
times well-worked out pattern 
organization toward which strive. 

this pattern does not exist, the 
decisions made from time time 
may inconsistent and not against 
the background objective so- 
lution. For instance, 
made organization setup re- 
flect the peculiarities given in- 
dividual should adjusted when 
passes from the pic- 
ture. ideal objective organiza- 


Manager, and Job Shop Engineering under the Job Shop 
Manager, but functionally responsible Chief Engineer. 


VICE PRESIDENT AND DIVISION GENERAL MANAGER 


VICE PRESIDENT 
& SALES MANAGER 


ASSISTANT SECRETARY _ 


SHOP 


MANAGER 


TEST GROUP 


CABINET 
GROUP 


PAINTING 
GROUP 


ASSEMBLY 


| 
DIVISION 
SALES 


CHIEF ENGINEER | 


SERVICE 
ADVANCED 
DESIGN AND EXPERIMENTAL 
c 
DEVELOPMENT 
MATERIALS EXPERIMENTAL 
PROCESS MANUFACTURING 
RESEARCH PROCUREMENT 


AERODYNAMIC 4&4 
THERMODYNAMIC 
RESEARCH 


MATERIALS 
ABORATORY 


more prevalent the top level engineering departments 


DIRECTOR OF EMGIMEERING MANUFACTURING 
ENGINEERING 


CONSULTANT 


ADMINISTRATIVE ENGINEER 


| DIPECTOW OF DEVELOPMENT 
DIVISIONS 
r 
PLANNING A 
Division 


DRAFTING & 
STANDARDS | 
PRODUCTION 
MODELS 4 JETS 


This practice largely the result marked trend 
ward technical specialization industrial field 


Fig. Both the functional and prod 
uct types of organization are found in 
single-division, multi-product firm 
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STENCIL COATING 
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ANALYTICAL 
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qd iplication, aver apping 
effort. Engineering supervisors 
find pending 


th ¢ the 
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the basis for dividing responsibilities 


Fig. Fields engineering. such 
mechanical and chemical are sometimes 
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re 
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DEVELOPMES 


in 


Engineering 


Lack clarity regards respon- 
bilities and reporting relationships 
less effective utilization 
ngineering This par- 
serious thing for companies 
hat are called upon take de- 
ense production, since handicaps 
expansion current opera- 
Similarly, hindering orderly 
ntraction, this lack clarity 
rofitable peacetime operations 
Although authority act should 
delegated and exercised the 
practical level, many 
neering organizations techmical 
reach the most senior executives 
hecause Subordinates at successive 
evels below them are 
that each participant will add 
mething value. Yet, this ap- 
roach ignores the fact that slight 
additional refinement plan, an- 
design thus obtained may 
this practice hampers the develop- 
ent responsibility and judgment 
Forms Organization. 
like that manufactur- 
ny of} sales can be organized by 
ales activity divided according 
territory, engineering can 
classified specific fields en- 
trical and mechanical 
company’s basic form engi- 
neering organization that which 
the division engineering 
responsibility the first (highest) 
organizational level. This may be the 


level immediately below the senior 


engineering executive, the level 
below the chef executive of the 
company the cause when re 
earch organized apart from 
effort 

The nature product 
the size the company 
objectives and policie will largely 
determine the form its en- 
organization. However, 
cause the marked trend techni- 
cal specialization all fields and the 
that functionalization 
assumed modern business, the 
most prevalent form the top level 
of engineering organization 1s the 
functional This exemplified 
Fig. 12. The major breakdown 
below the Chief Engineer 
research under Re- 
earch, product design and develop 
ment under Director Develop- 


and the variou ervices, 
under divisions reporting 


the Chief Engineer. addition, 
administrative functions are grouped 
under Industrial Engineer and 
Engineer. the sec- 
ond level on this same chart, the re- 
sponsibilities the Director 
velopment are organized product 
whereas the research divisions are 
example secondary organiza- 
tion function 

Probably the most popular form 
engineering top organization 
single division, multi-product opera- 
tions that including both the 
tional and product types respon- 
ibility groupings. This 
basic orgamization illustrated 
13. Companies using this scheme 
generally organize function those 


elements their engineering activit 


that can most economically and effec- 


Table Basic Principles Organization 
Organization should have clearly understood objective 
Every function essential the objective should represented the 


organization 


defined 


Responsibilities all members the organization should clearly 


Authority should clearly defined 
Responsibility should matched with commensurate authority 


Each person should know whom reports and who reports him 
person should report more than one supervisor 
Authority act should delegated the lowest organiza- 


tional level. 


Top management should free burdensome detail 


Duplicating, overlapping and conflicting functions should eliminated 
11. excessive number persons should not report directly any one 
supervisor. 


12. Related functions should grouped; unrelated functions separated 


13. Over-elaborate organization should avoided. 


14. Consistent patterns organization should used all levels, the 


maximum extent practicable. 
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organized product, and 
then perhap econdarily, b fur - 
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engineering can be i! nteygrate 
basis whe the products are appr 
priately related from a technical 
tandpoint, 
warrant being a igned organization 
ally by product 

irt tr rhe ‘ engineer- 
ng basic orgar it the type that 
functional groupings and 
products the Dick Cor 
par though related, are nonethels 
erse ndustr characte! rie 
ch rie il che i nad iper 
erting For th re or their 
ryan I 14, the 
fur dal enta bre ikd bel thie 
Director Research Engineering 
ore that eparate cher il fron 
mechanical engineering There are 
in addition, two functional units, one 
directed General ind the 
other to Model S} p ore The cen 
tralization testing for both chen 
cal and mechanical products gives 


it an objective character that would 


difficult attain with testing 


der the jurisdiction the person 
ponsible for the development itself 

The second level this organiza 
tion illustrates the fact that mechar 
cal researc and engineering re 
ponsibilit delegated 


function. whereas chemical research 


and engineering, 


more often best 
or pr duct element 
basic organization 


large motor car company, Fig. 
includes examples all three types 
organizational approach, namely 
function, product and field 
organization 
nel, administration, styling, testing 
research and design. However, the 
design engineering function itself 
been organized type product 
arate Passenger Car Engineering 
Departments and one Commercial 
Vehicle Engineering Department. Al- 


though not shown this chart, 
each the Passenger Car Depart- 
ments consists two sections organ- 


ized product component 

and Engine) and Body Engineer 
plus Experimental Section and 
Scheduling and Records Sectior 


The Vehicle 


Department consists four sections 


| 
‘ 
ous | 
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organized product (Truck, Coach, 
Tractor and Engine) and Body 
Engineer, plus Resident Engineer 
and Scheduling and Records Sec- 

The Electrical Engineering De- 
partment, Fig. 15, design depart- 
ment encompassing design respon- 
sibilities within the field electrical 
engineering for all products. Thus, 
represents service organization 
the other design departments, having 
within itself sections product sys- 
tems instrument and con- 
trols, heating and ventilating, start- 
ing, lighting and accessory. Pro- 
duction Contact Engineering Section 
also included, addition Rec- 
ords Section. 

The Body Engineering Department 
represents particularly interesting 
addition the other product engi- 
neering departments, that serves 
common, consolidated activity. 
Included its own organization 
Structural Development Section, 
with laboratory, styling 
layout sections and large number 
design units, each representing 
one part the product body. Cen- 
tralizing body engineering make 
its basic responsibility segregation 
component parts rather than 
finished vehicle type, can bring about 
product improvement and cost re- 
duction. This also makes possible the 
high degree interchangeability 
that the manufacturer desires. The 
Body Engineer indicated above 
being each the Passenger Car 
Engineering Departments and the 
Commercial Vehicle Engineering De- 


Fig.15 All three types organization function, product 
and engineering field —are represented the basic engi- 


EXECUTIVE ENGINEER 


partment provides the liaison essen- 
tial under arrangement this 
kind. 

Research Organization. small 
company, satisfactory research unit 
may consist one Research Engineer 
and assistant, plus laboratory 
technician. larger company, the 
research organization generally 
larger proportion the greater 
capital investment greater plant 
capacity, and may include hundreds 
Research Engineers and techni- 
cians. Some moderate-size compa- 
nies rely mainly research con- 
sultant consulting company 
work collaboration with few top 
engineers the company. 

Generally, research centralized 
single organizational unit. How- 
ever, multi-plant companies with 
widely varying product lines and 
widely separated plants have found 
best have research unit each 
product manufacturing plant. 

When research centralized for 
all parts and products company, 
the organizational form 
oriented projects, product, func- 
tion, processes, fields science, 
specialization skill (research tech- 
niques), the particular circum- 
stances may warrant. 
organizations increase size, spe- 
cialization and segregation specific 
forms work under specially equip- 
ped groups becomes necessary. This 
well illustrated the Gulf Oil 
Corporation’s wholly-owned subsid- 
iary, the Gulf Research Develop- 
ment Company, whose own internal 
organization, Fig. 16, depends upon 
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the nature the activities has 
research department for all 
companies the parent 

The latter fully integrated 
operations associated with the 
covery, production, transportati: 
and refining crude petroleum 
well the sale refined petroleu 
products industrial, wholesale 
retail markets. Its research progra 
includes problems arising from all 
these varied activities, and its orga: 
ization for research and developme: 


reflects this, shown the char: 


opposite page. 

Even corporations far 
than the aforementioned, there 
growing tendency separate 
search from the other functions 
the business, make the 
search head responsible top man 
agement and the function 


from the particular influence 


either the sales, manufacturing 
engineering departments. 

Product Design Organization. 
der normal circumstances, this pa: 
the engineering organization 
responsible for: 

(a) Product design and the pre; 

aration engineering dat: 
drawings, and models, includ 


ing part numbers and name: 


parts lists and detailed draw 
ings parts. 


(b) Analysis the 


process and determination 


the type equipment 


used. Prime responsibility 
process control and exact spe 


EXECUTIVE ENGINEER 


ADMINISTRATIVE 
ENGINEERING 
DEPARTMENT 


PERSONNEL 


SECTION 


COMMERCIAL 
VEHICLE 


ENGINEERING 
ENGINEERING 


neering structure large motor car company. Passenger 
Car Departments are organized product components. 


ELECTRICAL BODY 
ENGINEERING 


4 


should normally fall 
upon engineering, with collab- 
oration from production and 
cost functions. 

(c) Control over product simplifi- 
cation and the setting in- 
dustrial standards. 
volves control product, 
engineering design, material 
and process (operating meth- 
ods and work performance). 

There is, course, one 
definition for product design engi- 
neering organization with respect 
drawing the line between and 
manufacturing. For example, the lo- 
Standards and Methods 
Department and Tool Engineering 
function may governed the 
size the company and the relative 
importance these functions with 
respect the product. 

shown Figs. and 13, prod- 
uct design responsibility usually 
organized project product unit, 
and serviced central units cover- 
ing such elements model shop, 
experimental test and styling. Drafts- 
men are permanently assigned the 
product design units the extent 
that there more less continu- 
ing design workload, special 
design talent required. However, 
when projects and their design per- 
sonnel requirements are variable, 
better practice gain flexibility 
carrying the design engineers and 
draftsmen general engineering 
unit from which they can assigned 
specific design projects required. 

Product decisions are best when 
based models that have been com- 


Fig. Research activities can organized many dif- 
ferent forms. The Gulf Research and Development Com- 
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pletely and thoroughly worked out 
the last detail, and when close 
liaison with manufacturing has made 
certain that the proposed design 
satisfactory from production and 
cost standpoint. 

Styling, industrial design, needs 
argument its favor, signifi- 
cant has become product de- 
velopment. common practice for 
companies supplement the talents 
their own design engineers with 
the advice and assistance recog- 
nized specialists preparing long- 
range styling program and devel- 
oping current design styling from the 
standpoint color, form and pack- 
aging. 

Service Engineering Organization. 
There are wide variations organ- 
ization for 
liaison and field service, governed 
mainly the nature the product, 
method marketing and company 
policy. most cases, service 
closely related sales, not 
organizational adjunct thereof. The 
engineering organization shown 
Fig. includes customer techni- 
cal service function because 
within the jurisdiction sales engi- 
neering and sales service depart- 
ments under the Vice President- 
Sales. Liaison with the field 
through sales engineering. Minor test 
facilities are maintained for the pur- 
pose working out ways for specific 
something for which may not have 
been designed. This sort applica- 
tions engineering has become neces- 
sary because even the newest model 
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PRODUCTION 
DRILLING 


Wel! instruments general 


Pumping equip- 
ment, lubrication, 


instrument service 
for all divisions 


finds some customers who want 
utilize non-standard manner. 
Needless say, this customer service 
sometimes leads the company be- 
coming convinced need for prod- 
uct modification. 

company making several special 
lines nuts, screws and washers in- 
cludes its service engineering or- 
ganization drafting section, small 
model shop, and group the field 
engineers who applications work 
liaison with the Sales Department. 
principal responsibility this 
group identify and report 
opportunities meet customer needs 
through action that might taken 
product-wise. The same company 
broke away from previous practice 
using sales engineers for this cus- 
tomer contact work, when these en- 
gineers became unduly concerned 
with account loyalties, price and de- 
livery problems, and carrying mail 
for the Sales Department. 

Where the product line involves 
highly technical design, installation 
and maintenance problems, the serv- 
ice engineering function should 
placed the Engineering Division 
and liaison maintained with the sales 
function. Aircraft and aircraft acces- 
sory companies have product lines 
this nature, most the large 
industrial apparatus manufacturers 
result, their service engineering 
activities generally include provision 
technical manuals, field service 
and service bulletins, customer train- 
ing and various special projects. 
typical organization under Chief 
Service Engineer the aircraft in- 


pany set divisional level according scientific 
field and product and function the sectional level. 
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Fig. The Service function organized the Engineering Division when 
product line involves technical design, installation and maintenance problems. 


dustry, Fig. 17, indicates the neces- 
sary coverage the elements men- 
tioned. 

Administrative Engineering Or- 
ganization. Without sound engineer- 
ing administration, the technical 
advantages competent staff and 
top-grade facilities can offset 
through the disadvantages inaccu- 
rate estimating, faulty scheduling, 
manpower difficulties and high costs. 
This phase engineering should 
organized the staff level with the 
Administrative Engineer reporting 
the Chief Engineer and the group 
whole acting service de- 
partment the other engineering 
operating activities. 

Under normal circumstances, the 
work this group includes planning, 
scheduling, budget and cost func- 
tions. Some companies add the ad- 
ministration engineering person- 
nel the responsibility this 
group, while others, largely those 
employing several hundred engi- 
neers, organize personnel independ- 
ently other administrative func- 
tions. 

Planning and scheduling are key 
responsibilities the Administrative 
Engineer and his group. Duties in- 
clude keeping track all engineer- 
ing activities within the company, 
and making sure that all projects are 
authorized, scheduled, and coordi- 
nated within engineering that de- 
sign and release commitments can 
met. Planning should also insure 
that engineering top management 
receives periodic progress reports 
which control all projects; and that 
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engineering releases, changes, prints 
and parts lists are processed, re- 
corded and distributed. 

many companies, engineering 
planning evaluates and coordinates 
all matters concerned with the ma- 
terials needed for design projects, 
prepares all orders needed meet 
the material requirements produc- 
tion schedules, and acts liaison 
between engineering, material and 
production planning. Some organiza- 
for procuring the materials used 
experimental pilot models. 

Engineering cost estimation, bud- 
gets and budgetary control are other 
vital functions the Administrative 
Engineer. should work closely 
with the technical staff and project 


engineers the event calle 
upon supply cost estimates 
proposed designs. should 
close liaison with the production 
gineers for the purpose determin 
ing the best methods for producin 
new designs. And, should 
constant touch with the cost estimat 
ing and accounting functions 
finance division, analyzing cost 
formation and transmitting sta! 
engineers for use when considerin 
new design projects. 

addition, the primary 
outlined above, the 
Engineer should responsible 
coordinating certain activities. Typi 
cal these are the processing 
engineering travel paperwork, over- 
requisitions, and the scheduling 
special engineering facilities. 

large engineering organization 
separate administrative unit 
sometimes assigned each th: 
major projects, working part 
the organization under the 
Engineer, but functionally respon 
sible Chief Administrative Eng 
neer. Fig. shows organizatior 
this character. 

Multi-Product, Multi-Divisiona 
Organization. large company wit! 
several different product divisions 
various locations should have its en- 
gineering activities organized 
permit interdivisional projects 
product problems being handled sat- 
isfactorily. Generally, each 
requires its own product 
department, and there natura 
tendency for these departments 
become almost wholly engrossed 
immediate and early-return projects 
the expense long-range devel- 
opmental programs that require con- 
siderable attention. offset this 


Fig. Administrative Engineer sometimes assigned each major project 
although functionally responsible Chief Administrative Engineer 
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and coordinate engineer- 
ral engineering staff can formed 
inder engineering executive 

the top-management level. This ex- 

utive, preferably vice-president 
the company, should responsi- 
ble for the development basic en- 
ineering policies, plans and proced- 
and for the technical excellence 
the engineering function through- 

the company. should have 

line authority over only the activi- 

ties that are part his headquarters 
rganization. These might limited 
extensive number and size, de- 
pending largely the nature and 
the product lines. Re- 

and test may may not 
centralized under top management 
lirection. 


The engineering relationships 
shown Fig. are for company 
vhose product lines are sufficiently 
liverse justify decentralization 
research and test several different 
laboratory facilities located near and 
with the respective product 
livision organizations. Hence, the 
staff organization 
relatively small. general patent 
attorney manages the Patent Depart- 
ment, which keeps the company out 
trouble patent-wise and gives pat- 
ent research and other services 
manufacturing well engineering 
activities. Industrial Engineering 
Department concerns itself with giv- 
ing staff assistance the product 
engineering departments the sev- 
eral operating divisions. addition, 
does some design work from the 
tandpoint styling, employing de- 
sign and color consultants assist 
this service all product divi- 
sions. The Materials Engineering and 
Parts Standards Department re- 


sponsible for the development 
standardization practices they 
pertain parts and materials 
company-wide basis. provides the 
necessary close liaison with the pur- 
chasing and materials control func- 
tion centralized the company 
headquarters level, and serves the 
focal point product committee ac- 
tivity coordinated the Director 
Engineering. 

Liaison Relationships. Effective 
working relationships, generally re- 
ferred liaison, are vitally im- 
portant engineering management 
the one hand, there must close 
working relationships between ele- 
ments within the engineering organ- 
ization itself; the other, close and 
smooth working relationships are 
necessary between certain elements 
the engineering function and oth- 
ers the sales, manufacturing, pur- 
chasing and finance functions the 
business. 

The larger and more complex and 
widely separated the organization, 
the more difficult achievement the 
desired internal relationships be- 
comes. How are the problems met 
and lessons learned one part 
the organization reach interested 
persons other parts? How are uni- 
formity and consistency intra- 
devartmental operating relationships 
achieved? These matters must not 
left personnel rotation the 
chance individual action. 

For the smaller engineering de- 
partments, periodic staff meetings 
may solve the problem. For some 
the larger ones, staff meetings may 
also effective, provided the physi- 
cal separation not great and 
system subordinate staff meetings 
carries information the lower 
echelons engineering supervision 


Fig. When company’s product lines are widely diversified, separate and 
specialized research facilities are usually located near each product division. 
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This approach should backed 
written operating instructions 

In the case of relatively large and 
multiplant organizations, interchange 
technical knowledge common 
concern can established uni- 
form basis through written instruc- 
tions. Also, where there are central 
engineering units functional staff 
units the company headquarters 
level, these should have the respon- 
sibility serving clearing houses 
for the desired interchange tech- 
nical information. The assignment 
individual engineer liaison fron 
one product division another, 
from one engineering activity an- 
other the same division, special 
though not uncommon means 
maintaining satisfactory working 
relationship between engineering ac- 
tivities. has the disadvantage 
being expensive method and 
sometimes creating administrative 
problems. However, has the great 
advantage being the most direct 
and potentially effective method. The 
use liaison engineers should not 
overemphasized, lest become or- 
ganizational habit lieu estab- 
lishing clear definition responsi- 
bility relationships and satisfactory 
work performance. Committee or- 
ganization within the engineering 
function another legitimate means 
promoting liaison between its dif- 
ferent elements. However, too 
should not come to be considered as 
the remedy for basic organizational 
staffing ills 

Operating liaison between engi- 
neering activity and functions outside 
the engineering organization can 
provided assignment liaison 
personnel from one department 
another, for example, from engi- 
neering sales, production (tooling) 
purchasing. The better solution 
facilitate liaison through obtaining 
developing salesmen who have 
sufficient engineering training 
work closely with service engineers 
applications engineers; prod- 
uct engineers with sufficient knowl- 
edge the company’s shop equip- 
ment able design with its 
type and capacity mind. in- 
creasing number large companies 
have established the position Ma- 
terials Engineer, attached either 
the product engineering, purchasing 
research organization. usu- 
ally responsible for finding substitute 
materials reduce cost offset 
the shortages that are common under 
program government controls. 


Committees clear definition 
the functions, responsibilities and 
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authority committees essen- 
tial for sound organization and this 
policy generally adhered 
companies that consider committees 
the most satisfactory means bring- 
ing about adequate liaison between 
engineering and other functions 
operating levels. 

The propriety ex- 
istence should determined the 
function performs. should not 
assigned administrative, super- 
visory executive role because 
cannot supplant executive posi- 
tion. But committee can properly 
fulfill the purpose settling issues 


Engineering Staffing 


Much being said the subject 
engineering staffing view the 
increasingly critical shortage en- 
gineering personnel and 
competition experienced recruit- 
ing and holding talented engineers. 
Techniques for recruiting and select- 
ing engineers, aptitude testing, su- 
pervisory training and performance 
rating are receiving more attention 
than even before. Many companies 
have even established elaborate sys- 
tems and policies (Table II) in- 
sure proper handling all engineer- 
ing personnel problems. 

Recruitment and Selection. Com- 
panies having periodic need for 
graduate engineers work 
with engineering schools, and com- 
pany representatives visit campuses 
regular intervals teams two 
more. many cases, least one 
member the team engineer. 

addition seeking permanent 
employees from among the graduat- 
ing classes, some companies recruit 
undergraduates for work appren- 
tices during the summer vacation 
period. Other concerns augment their 
staffs the same period employ- 
ing engineering school faculty mem- 
bers. 

Manpower shortages and indus- 
trial competition for engineering 
graduates largely determines the de- 
gree choice company has the 
selection engineers from candi- 
dates recruited. wise prepare 
for that choice not only through in- 
terview appraisals, but also using 
scientific techniques testing for 
aptitude and personality traits. 

Indoctrination. Regardless 
company’s size, there should 
planned program indoctrination 
for new engineers. The program 
should first acquaint them with the 
company’s historical background, its 
current production and products un- 
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making decisions, where problems 
can best resolved those who 
represent several functions and, 
therefore, several points view. 
can also serve effectively ad- 
visory role, particularly matters 
concerning policy. The larger the or- 
ganization, the more committee effort 
required meeting the need for 
coordinating force binding all ele- 
ments together. Engineering man- 
agement has, its own interests, 
obligation company management 
with respect effective committee 
organization and maximum utility 
through efficient operation. 


der development, its plant and facil- 
ities and its general organization. 
Secondly, should explain the or- 
ganization the engineering func- 
tion, listing the names key person- 
nel, and outline the engineering ob- 
jectives, policies, and procedures. 
The latter naturally include stand- 
ard practices with respect drawing 
and part numbering, drafting pro- 
cedure and release routines. Finally, 
each new man should acquainted 
with the company’s common rules 
customs. These include identification, 
absence, plant hospital, cafeteria, pay 
day, suggestion plan, credit union, 
retirement, savings bonds, insurance 
plans, holidays, bulletin boards, va- 
cation and parking. 

Whether the company small and 
requires only day two com- 
plete this indoctrination, large and 
needs several weeks the job 
properly, there should program 
and should standard procedure. 
Such practice insures rapid orien- 
tation the new engineer his 
every-day routine. 

Assignment. Research, product de- 
sign and service engineering call for 
different types engineering talent; 
and administrative functions require 
yet another leaning talent. de- 
termine where engineer should 
placed the organization, previous 
experience and, possibly test, will 
indicate man’s “longest suit”. This 
information should recorded and 
kept current guide both for his 
own assignments and for use 
other staff members when they need 
the benefit his experience. The 
practice keeping composite in- 
ventory staff experience should 
not lead unnecessary specializa- 
tion. should mean, however, that 
new man put certain type job 
might advised his supervisor, 
“For any technical questions con- 


cerning this project, consult Mr. 
Training and Executive Develo; 

ment. conscious effort train en- 

gineering personnel should not 


with indoctrination 
Training should continue 
through job rotation, conferences 
lectures, technical notices and mem- 
oranda, off-the-job courses and oth: 
means, well through 
experience. 

Secondly, training should includ 
concerted effort acquaint engi- 
neers with other phases the busi- 
ness, particularly those elements 
sales, manufacturing and finance 
impinge directly engineering ac- 
tivity. This broadening the engi- 
neer’s viewpoint has many benefits 
and becomes important qualifying 
some for supervisory and, 
executive responsibilities. 

Specialization function and 
within function has made increas 
ingly difficult for industry devel 
executives with administrative ca- 
pacity and interest, well 
derstanding the technical func- 
tions the business. For this 
many companies are engaging quali- 
fied consultants tailor 
the particular needs the organiza- 
tion. 

The engineering staff should 
called upon provide greate: 
number than heretofore, genera! 
management executives, additio: 
filling top engineering jobs wit! 
competent administrators. thi 
first necessary recognize th: 
difference between those enginee: 
who have present potential ex- 
ecutive talent and those who hav: 
primarily present latent design 
talent technical genius. Neithe: 
type should considered being 
handicapped, and management 
should give them equal rank 
respects throughout their careers. 

This personnel policy suggests dif- 
ferent, though parallel, 
ladders for the two types, decision 
the category into which each 
engineer fits, and chief-enginee: 
status attainable for both types. The 
line action should not difficult 
spot because past experience has 
made clear the aptitude and person- 
ality distinctions between the 
engineer type and the executive type 


for the chief-engineer 
there might chief technical engi- 
neer responsible for guiding the cre- 
ative and technical efforts the de- 
partment and, the same time, 
chief executive engineer responsible 
for the administration all engi- 
neering activities not strictly 
technical nature. 
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Boeing Airplane Company 


Fig. the recruitment and training new engineers, interviews and 
periodic consultations should conducted technically trained personnel. 


Working Conditions and Facilities 


There little reason for establishing 
fine engineering and research or- 
ganization, serious attention not 
given the physical environment 
which the engineers work. 

Space and Layout. When drafting 
rooms, laboratories offices are un- 
der consideration, space require- 
ments should calculated from ac- 
cepted standard allowances and the 
possibility future expansion taken 
into account. This particularly true 
today when continued advance 
engineering knowledge contrib- 
uting marked growth engi- 
neering activity, even relatively 
small companies. Also, should 
remembered that under pressure 
competition, most 
growth objective. 

Layout engineering space also 
important. The various activities 
within the organization should 
positioned with respect their own 
activity and their operating interre- 
lationships. Distances and accessibil- 
ity should studied developing 
the layout. 

Illumination. Proper lighting can 
help offset the effects insuffi- 
cient space and poor layout. Experi- 
ments and experience have shown 
that drawing spoilage decreased 
and quality improved adequate 
lighting. The same holds true with 
respect production engineering 
work, and yet many companies over- 
look the benefits taking orderly 
and scientific approach lighting 
they design problems. 

The qualities good light are ade- 
quate intensity, proper diffusion and 
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absence glare. Generally, from 
100 foot-candles are needed 
the working surface 
offices and drafting rooms. 
oratories, the same intensity, and 
sometimes more, needed. Proper 
diffusion calls for the absence 
shadows strong contrasts. Glare 
can caused too great intensity, 
too sharp contrast, improper location 
light source and, most frequently, 
improper diffusion. 

Windows and the paint interior 
surfaces, including equipment, have 
definite influence internal light- 
ing conditions. generally prefer- 
able have colors that reflect rather 
than absorb light, but which are 
tinted reduce glare. slight yel- 
low tint drawing paper reduces 
glare and engineering 
drafting performance through re- 
duction excessive fatigue. The 
Navy, several schools and some 
government bureaus have measured 
marked reductions work errors 
following decrease lighting-con- 
trast ratio, mainly supplying 
desks with grey linoleum tops and 
tinted memo forms. 

Laboratory lighting poses num- 
ber special problems depending 
the color equipment, location and 
number windows, type work 
being done, and background, includ- 
ing any special clothing worn lab- 
oratory workers. Critical research 
laboratory work should take into ac- 
count the glare and contrast factors, 
has been done the operating 
rooms hospitals minimize strain 
and fatigue. satisfactory condition 
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Fig. Detail work requires adequate 
lighting and attention desk spacing. 


obtained when the reflection rela- 
tionships furniture, 


floor, ceiling and equipment are such 


that the eye not called upon re- 
adjust itself constantly scans the 
different sections the laboratory 

This balance sometimes hard 
attain without expert advice. Thus 
some companies turn color and 
illumination consultants for analysis 
and recommendations. 

Ventilation and Air Conditioning 
Satisfactory air conditions are not 
only conducive efficient work, but 
also have effect the behavior 
the equipment and some the 
materials with 
works. 


which engineer 


Air conditions depend humid- 
ity, temperature and movement 
air, and these factors must con- 
sidered relation each other. The 
most satisfactory facilities are those 
regulated automatically con- 
trolled blower air 
system. 

Technical Facilities. Research and 
testing laboratories 
keeping with the company’s size, 
character, engineering objectives and 
policies, and research program. Sim- 
ilarly, model sample shop facilities 
commensurate with operational re- 
quirements should provided. 

Every engineering department 
should have its own copying and re- 
production equipment. Selection 
the proper type important and 
consideration should always given 
the effect the reproduction 
method the original drawing. The 
type that the originals 
depreciating them least should 
favored. 


Library. engineering depart- 


conditioning 


should 
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ment library another necessary 
adjunct and further means 
equipping the organization derive 
maximum benefit from the engineers’ 
time. small company, the library 
may nothing more than well- 
reference 
books and file related engineer- 
ing periodicals trade journals. 
Larger organizations should estab- 


Systems and Control 


Systems and control procedures for 


the authorization, planning and exe- 
cution engineering activity are the 
last the essentials engineering 
management. adequate, sys- 
tems must prescribe planning and 
operating procedures all levels, to- 
gether with records and reports 
which check 
whether the systems are followed 
and whether assigned tasks are per- 
formed satisfactorily. 


Research Projects 


Authorization. The establishment 
research projects, regardless 
their origin, Fig. 22, should gov- 
erned suitable authorization 
procedure. Responsibility for author- 
ization research should rest with 
committee representing the major 
functions the company, with the 
chief executive, advised such 


lish library for which there are 
definite procedures for maintenance 
and use, carried out office 
secretary clerk. The largest engi- 
neering activities customarily have 
library maintained under the full- 
time attention qualified librarian 
who provides library reference ser- 
vice those desiring it, regardless 
the department involved. 


Procedures 


committee. This group might consist 
the President, Director Engi- 
neering and Research, Works Man- 
ager, Director Sales, and Manager 
companies, the Board Direc- 
tors Executive Committee. How- 
ever, may advantageous al- 
low the Director Engineering and 
Research some research his 
own authority, subject only budget 
limitations. 

companies where the Research 
Director ranks major executive, 
responsibility for all project author- 
izations can logically placed with 
him, especially budget limitation 
has been set the President 
Board Directors. Large multi- 
plant (product division) companies 
with centralized research organiza- 
tion almost invariably rely com- 
mittee action determine and au- 
thorize various research projects. 


Fig. assignments, either research product design, can orig- 
inate any phase company, such top management, sales production. 


TOP MANAGEMENT 


Learns long 


RESEARCH 


Basic analytical 


approach to long 


range programs 


PRODUCT DESIGN 
ENGINEERING 
Need for new or 
improved raw material and relays 
or component part g 
group 


PRODUCTION 
ENGINEERING 
Need greater stability 
in @ part or material 


range thinking 
product needs 


ENGINEERING 
PLANNING AND 
CONTROL 


Analyzes information 


proper engineering 


APPLICATIONS 
ENGINEERING 
Need for improved part 


SALES 
Learns customers needs 


and reasons why present 
product does not fill 
those needs 


FIELD SERVICE 
Recurring service calls 
indicate fundamental 
product weakness or 
improper application 


PRODUCTION 
Needs part simplified 
or different material 
fo reduce production costs 


to realize potentials of 


other components 


Authorization, whether 
vidual committee, should 
estimate with respect time 
cost, and statement 
with respect the advantages 
sults anticipated. This implies 
some basic planning must 
before the project authorized 
simple form sheet can develo; 
and used for this purpose. 

Planning. Techniques that 
proven valuable the planning 
other functions industry can 
equal value the management 
research engineering. 

The first element research pla 
ning the determination what 
done and how, when, and 
what estimated cost. The 
approximated project analy 
aimed identifying the steps 
volved and man-hours 
estimate for each project. These ti: 
estimates are then scheduled 
the staff-time available 
basis. 

The cost estimate should, whi 
possible, developed careful 
timation all labor and materi 
costs and the application 
thereto. Included should estimat: 
anticipated expenditures for 
struction, manufacture tools 
castings, commercial testing, 
visory services connection 
the project. 

Work Procedures. Standardizat 
research 
minimum confusion and reducti 
the amount detail work 
conduct research effort. 
standardization should apply te: 
nical procedures, especially labor: 
tory and testing work, well 
“paperwork” procedures which 
valuable for maintaining coord 
nation between various units with 
research division. Other 
are those governing the sequence 
work various projects, and 
related the preparation and fili: 
project work papers and report 

Control. budget the best mear 
controlling research activities, 
not restrictive the point 
precluding 
research and development. Flexibi! 
ity therefore essential. 

research budget fixes limit 
total expense for the period ahead 
and acts keep expenditures 
control unless increase 
and approved. good budgetary sys 
tem promotes long-range planning 
thereby increasing the benefits 
search can give. Not only that, put 


the research function sound and 
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financial basis, and imparts 
tability the whole research op- 
eration. 

The budget for small research 
rganization most readily devel- 
ped fields work, subdivided 
projects. For large activity, budget 
esponsibility should divided first 
organizational responsibility and 
then products fields research, 
possibly projects. 

Control should exercised 
review actual research progress 
against scheduled performance and 
actual research expenditures 
against budgeted expenditures. How- 
ever, many cases, actual progress 
impossible measure and the time 
expended criterion. Under these 
ircumstances, the research engineer 
should report what remains 
done, and estimate the time required 
finish the job. This procedure 
generally more acceptable top 
management for control purposes 
than the mere record time and ex- 
pense already accumulated. 


c 


Control time expended against 
schedule requires that the manhours 
expended date and estimated man- 
hours completion recorded 
detail. Dollar control against budget 
necessitates recording cost. This 
can accumulated space pro- 
vided the authorization form 
separate project cost report. 
either case, labor, materials, over- 
head and other costs should re- 
corded and compared with budgeted 
figures for the period reported and 
for the project date. 

Normally, the review progress 
based control reports should 
the responsibility the committee 
executive that holds the power re- 
search authorization. Careful thought 
should given the revision 
cost estimates and time schedules, 
and whether project should 
continued, modified abandoned. 
Decisions may necessary with re- 
spect increasing budget allow- 
ances, and shifting project priorities 
the light changes their rela- 
tive importance. 


Design Projects 


program for the development 
design engineering projects im- 
portance company-wide well 
engineering management. The 
system procedures associated with 
such program, outlined Table 
for large automotive accessory 
manufacturer, should integrated 
with the company’s overall system 
master planning, production sched- 


uling, cost estimating and budgeting 
control. 


Propuct ENGINEERING May, 1952 


Stage 


Proposal 


Table Engineering Project Development Program 


(a) Provision proposed specification 


Stage Evaluation 


Cost estimote (preliminary) 


(b) Translation to preliminary engineering specification 


(c) Patent consideration 
Stage Authorization 
(a) Approvals 


(b) Assignment engineering 


Stage Development 


(b) Design layout 


(a) Study working principle 


(c) Detailing piece parts and assemblies experimental stage 


(d) Cost check 

(e) Standardization 
(f) Product analysis 
(g) Cost estimate 
(h) Patent clearance 


Stage Model Fabrication 


(a) Standardization (only if started before complet 


on of Stage 4 


(b) Product analysis (only if started before completion of Stage 4.) 


Stage Model Testing 


(c) Fabrication piece parts and assembly model 
Preliminary functional test model 


(a) Specifications for laboratory test 


(b) Test status reports 
(c) Final test report 


Stage Engineering Release 


{a) ‘Engineering Release Authority 


prepored by engineer 


(b) Approval of release by Sales Department 


(c) Advarce material release made to Purchasing and Materia! Dept 


(d) Preparation of production drawings and ports lists 


(e) Checking production drawings and parts lists 


planning and control sketchy 
throughout the initial engineering 
phases the complete manufactur- 
ing cycle, the following undesirable 
conditions generally result: (1) En- 
gineering cost will higher than 
should be, with consequent higher 
total product cost and adverse ef- 
fect pricing and sales volume; (2) 
inefficiencies other phases the 
manufacturing cycle will bred 
from inadequate inefficient engi- 
neering systems procedures, 
with consequent effect schedule 
and cost; and (3) re- 
turn its “engineering 
will less than should because 
the full potential engineering tal- 
ent and facilities not utilized. 

Authorization. Design engineering 
projects can originate from any 
the same eight sources shown for re- 
search engineering assignments 
Fig. 22. Each project should for- 
mulated proposed specification 
that can incorporated with 
“Engineering Project Authoriza- 
some similarly titled form 
sheet. The latter should provide space 
for entering cost and time estimates, 
required evaluations, patent clear- 
ances and authorization. 

Authority should granted the 


(f) Release of production biveprints and parts lists 


engineering executive t ipprove 

design project estimated cost les 
than nominal amount 
Above that, it is better to pla e proj- 
ect authorizat the hands 
committee representing sales, engi- 
neering and manufacturing. may 


also desirable have second 


cost limit, above which final approval 
by the president Is required 


at 
The sales member of the auth 


ization committee should be charge: 
with indicating writing the re- 
quirements specifications stem- 
ming from sales considerations, and 
possibly the selli 
price. The engin nbe 

the committee nsibl 


for translating the project 


into preliminary engineering 
fication and recording engineer 


time and cost estimates. The manu- 


facturing representative should 
recommendations from a productior 
within the manufacturing capabili- 
ties the company the known 
capabilities subcontractor’s facil- 
ities. When patent the 
patent section shot d enter cle a 
granted the committee (and pres- 
ident, when necessary), the com- 


| 
17] 
i 


IMEETINGS OF FORECASTING 
AND PLANNING COMMITTEES 
(for Apni-May—June schedule) 


PRODUCTION AUTHORIZATIO 
(approved by boord of directors) 


ENGINEERING 


Approvoils 


Vice pres.-m't'g and engr Works mgr 


Fig. design project should planned and scheduled 


through all phases from authorization 


pleted form can considered 

automatic appropriation for the proj- 
ect. The form should carry serial 
number, against which charges can 
accumulated for engineering time, 
materials and cther project expenses. 

Planning. design project should 
planned and scheduled not merely 
the completion the engineering 
phases, but right into the frame- 
work specific product plan based 
sales and financial forecasts. This 
means carrying 
planning from design through fabri- 
cation and test production author- 
ization, and the release drawings 
and parts lists production. Engi- 
neering should also provide start and 
finish dates that are line with the 
regular production planning and 
control procedures. product plan 
this type charted Fig. and 
the engineering planning that leads 
into this plan appears the inset. 

Unless company’s engineering 
and manufacturing cycle com- 
pleted this close relationship 
planning, becomes vulnerable 
having engineering planning that 
unrelated the purchasing forecast, 
and design change that obsoletes 
stock already inventory. 

Control. budget essential for 
satisfactory project control because 
records project progress should 
maintained terms dollars 
well schedule time. with 
research, Fig. 24, product design en- 
gineers should show progress peri- 
odically terms percentage com- 
pletion, that can compared 
with scheduled progress and costs 
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PRODUCT PLAN 


ENGINEERING PROJECT PLANNING CHART 


Project description 
Models effected 


Eng project authorization No ___ Dote_ 
Production authorization No Date 


OCTOBER 


| PT = 
2 i7 124 | 


4 


Reseorch ond 
lano 
Prints ond bili of moteric! ys 
= D opment } 
gn, rough + 
Operation onotys:s sheets, tooling Des 
Drafting 
PRODUCTION fabrication 
Purchose requests Mode! test 
n 
Assembly orders Adjustme 
Final Growings | 
PURCHASING and parts lists 
Purchose orders Bilis of moterial 
RECEIVING] Release | 
Scheduled moteriots 
MANUFACTURING 
Mochimng—— scheduled ports 
Subassembly— genero! 
Subossembly — continuous 
Erection 


Engineering Methods Production 


assembly. The 


date. Developmental projects should 
broken down component ele- 
ments, and the percentage comple- 
tion each component reported 
periodically sign progress. 


Engineering Information 


Engineering information 
broken down into standard elements, 
each which contributes the 
smooth operation engineering pro- 
cedure. 

Part Number. This identifies each 
individual part, major assembly 
sub-assembly, and should as- 
signed the designer Records 
Department prior release, ac- 
cordance with established parts 
numbering system. The part number 
itself letter “E” should indicate 
when the release for experimental 
use only. the part subsequently 
released production should 
given regular production number. 

Part Name. The design engineer 
should give each individual part 
assembly name prior release. 
naming parts, established common 
terminology should 
wherever possible, and the shortest 
form consistent with clarity used. 

Model. Generally, this term used 
identify class the product 
one more the following criteria: 
General type, capacity size, gene- 

ral design, plant name trade name. 

Quantity. The number individ- 
ual parts required per product unit 
the particular location the 
product covered the release de- 
fines the quantity. When the same 
part used different places the 


Purchosing 


engineering scheduling (inset) should precede and the 
foundation for company-wide planning 


product, separate release should 
made for each application. 

Material Standard. This writ- 
ten specification the chemical com- 
position and physical other prop- 
manufacture part product 
Every part drawing should bear 
reference the standard that gov- 
erns the material involved. 
authorized without Engineer- 
ing Change Request being approved 

Process Standard. Production 
processes that require engineering 
laboratory control, the 
and steel industries, should cov- 
ered written specifications. 
establishing and controlling proces 
standards, procedure similar that 
used for Material Standards should 
followed. 

Performance Standard. This writ- 
ten specification defines the required 
performance for electrical, me- 
chanical other operating unit, and 
usually applies purchased assem- 
blies. The same procedure should 
followed here with the 
and Process Standards. 

Standard Parts. The Engineering 
Standards Department should main- 
tain standard parts book which 
parts approved for the company’s 
products are listed number. 


Transmittal Information 


The procedures which engi- 
neering information conveyed are 
represented form sheets. 

Engineering Release (ER). The re- 
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ENGINEERING PROGRESS REPORT 


tor pened te 


Soles Order No 


Descrraten 


Breakdown of project by elements! 


HOURS — ESTIMATED — ACTUAL 


Grginc! Revised Expended Tote! 
This Period Te Dote 


Ong Estrmote Rev: 


Complete Remorts 


Fig. 24— Progress research and design engineering projects should re- 
ported periodically special forms terms percentage completion. 


lease form identifies with basic in- 


formation individual part as- 
sembly and specifies its use for 
particular model several models. 
All the standard elements engi- 
neering information discussed above 
should shown the form, and 
part assembly considered offi- 
cially released for production until 
the data this form have been 
properly disseminated. 

Engineering Change Notice (ECN). 
This form describes change affect- 
ing part assembly that has 
been released for production ex- 
perimental use. also used 
Material, Process Performance 
Standard. 

Engineering Change Request 
(ECR CR). standard form re- 
quired obtain engineering approv- 
for changes design the 
material specification part 
assembly production. ECR 
should become effective when 
Change Notice and/or Engineer- 
ing Release has been issued, and the 
required changes made the design 
material specifications. 

Temporary Substitution Authori- 
zation (TSA). This for regulating 
and obtaining the necessary engi- 
neering approval make tempo- 
rary change specifications already 
released production. TSA should 
always bear expiration date. 

Summary Sheet. Frequently 
known other names such Job 
Sheet Work Sheet, the Summary 
Sheet used identify all parts 
group related parts which are 
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being released changed the 
same time. This sheet does not take 
the place Releases Change No- 

Parts List. This tabulation 
all parts required and officially re- 
leased for complete standard model 
product or, some cases, 
major assembly. should indicate 
the part number, part name, and 
quantity. 


Uniform Parts Classification. 


fully-integrated system parts 
classification important tool 
any mass-production industry. 
forms the basis upon which the en- 
tire organization depends for dis- 


semination product information 
The essentials good system 
(1) Proper indexing items 
the standpoint functional break- 
down parts and assemblies, (2) 
simplicity organization items 
under groupings for easy reference 
and comparison costs, (3) few 
general groupings necessary for 
complete organization, (4) opportu- 
nity for expansion items under 
general classifications, (5) adequate 
information properly identify all 
parts and assemblies pertaining 
the general groupings, and (6) form 
organization easily understood. 


Identifying Controlled Materials 


Compliance with regulations 
the Controlled Materials Plan re- 
quires the knowledge how much 
each controlled material used 
finished product. insure ade- 
quate allotments materials, the 
engineering department should accu- 
rately determine how much weight, 
each controlled material required. 
the product contains variety 
different parts, the engineer will find 
that uniform coding system for 
each part will facilitate making this 
determination. tabulating system 
can then used, the coding 
properly designed, produce results 
with minimum clerical work and 
high degree accuracy. exam- 
ple coding system shown be- 
low. Once the gross weight per part 
determined, the information 
tallied for each class controlled 
material. Allowance then made for 
cut-off and rejects, and the weight 
multiplied the production sched- 
ule per quarter get the material 
required per quarter. 


Interpretation Coded Material Tabulated Reports 


Printing Press 


Page Ports Lis 
Part No. 
Parts used Press 


Count 
First Size 
Second Size in. 
Shape Strip 
Specification- SAE 1020 
CMP Code-Carbon Strip 
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What 
Says: 


Based interview with 

RICHARDS, Head Laboratory 
Control, General Motors Research 
Laboratories Division 


INDUSTRIAL RESEARCH, which been 
defined “trying find out what 
you are going when you can't 
keep doing what you are now” 
presently costing American indus- 


What 
Westinghouse 


Research, and MONTEITH, 
Vice President Engineering 


try 500 million dollars annually. 
there was ever any doubt about the 
value research has long been 
dispelled the fact that companies, 
both large and small, have found 
that these large investments are 
worthwhile. recent survey has 
shown that percent all research 
workers are employed the chemi- 
cal, petroleum, electrical, machin- 
ery, rubber and automotive indus- 
tries. Thus, the largest and most 
active research programs are sup- 
ported those industries which 
were themselves created research. 

General Motors, the Research 
Laboratories Division represents only 
small part the research and 
development activity going with- 
the corporation. General Motors 
whole has 2,200 technicians who 
are concerned with research, develop- 
ment, and advanced engineering. 
There are about 150 chemists, phys- 


FUNDAMENTAL RESEARCH one the 
basic factors contributing the in- 
dustrial growth and development 
not only individual companies but 
our entire economic system. Only 
continuing flow new ideas 
can our standard living sup- 
ported and the output industry 
kept progressive incline. 
Conversely, must obvious 
even the most casual observer that 
which follows somebody 
else’s lead becomes deteriorating 
factor its industry and takes 
minority position its markets. 
impossible for outside concern 
successfully duplicate, without 
considerable investment, develop- 
ments coming out other research 
laboratories. does not have access 
vital information. The positive 
side development may thor- 
oughly discussed, but the negative 
side mistakes, wrong theories, 
usually are omitted 


the 


icists, 150 metallurgists, 650 enginee: 
all classifications, and about 1,2: 
technical personnel. this numbe 
the Research Laboratories has 
proximately 200 technicians, 
than percent the total. 

The work the Research 
ratories Division concerned 
problems the future. Usually 
research projects are long rang 
problems and not directed 
specific product already produ 
tion; fact, research the 
group which not concerned wit 
the immediate problems 
tion, sales service. 

The work stems from long 
general laboratory projects, 
chosen represent the types 
work which the 
lieves will important the 
ture the company. This work 
divided into main projects and 
projects, often totaling 


glossed over. Yet such data are 
valuable for design and develo; 
ment. 

Nor can concern use only 
research done under governme: 
sponsorship, much which 
formed universities. First, 
little money contrary opinion 
spent basic research. 
the sponsoring agency has speci! 
project, product end result 
mind. while large amounts 
money are being spent and patent 
resulting from such investments 
public property, government spon 


sored investigations not 
the need for expanding 


industry. 


The small well the larg: 


company has obligation both 
its owners and the people 


buy its products actively 


research and have men 


staff who keep abreast 
progress. Not every company ca! 
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100 long-range problems. Any the 
departments the laboratories 
several departments may work- 
each these projects. 
Research projects must always 
started years before they can 
expected result commercial 
product. The average time usu- 
ally from five ten years between 
the laboratory experiment and the 
showroom. Consequently, 
there should sound economic 
reason justify each project. After 
that, attention need paid only 
Only few 


these projects may successful, 


technical factors. 
far the products are concerned, 
right only small percentage 
the projects make worth- 
only those for which the 
answer was known would chosen. 
This, 


course, would low 


afford invest several million dol- 


lars per year supporting research 
laboratory, but there are few who 
cannot spend few thousand 
project their own particular field. 

Initially, research 
program has accepted faith 
that the ultimate results will pay 
off. Management cannot demand 
accounting for every dollar that 
When researcher starts 
investigation project, there 
assurance that will obtain results 
that can commercialized. The 
odds doing are probably some- 
depending whether they are be- 
ing quoted management among 
scientists. However, the rewards can 
beyond expectation, was the 
case with radio, television, the igni- 
ron, and the transitor. 

advanced development, 
course, the odds are much closer 
that investigation will pay 


course, a 
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order research. 

The results research are not 
finished, manufactured product.They 
consist written reports, working 
samples, instrumentation, new tech- 
niques, experienced personnel, new 
This 


work com- 


information, 
what left after the 
pleted. The results are then avail- 
able the manufacturing divisions 

Because the decentralized or- 
General Motors 
operation has complete responsibil- 


ganization 


ity for its own products. Each man- 
ufacturing division accepts full con- 
trol over the engineering design, 
well the manufacture, sale, and 
service the products. The fact that 
there single authority tech- 
nical matters results 
development and engineering prob- 
lems being provided central office 
staff the production units. 

The chart shows overall way 


how the engineering development 


research and other technical groups 
are coordinated the corporation. 
some companies these groups are 
lumped together and called the en- 
gineering department, the research 
department. 


separate organiza- 


tions, they now stand, there may 
certain amount overlapping 
their work, but there still much 
committees not try direct all 
the details the investigations 
Although the general policies 
the engineering and research de- 
partments the operating groups 
from the operations financial 
policy committees way the 
president and vice presidents, the 
committees not try direct all 
the details the 


The Advanced Engineering sectior 


investigations 


group whose work comprises 
the development and study gen- 


eral engineering problems all the 


company must have faith the ability its research program ultimately 


pay dividends. Over years effort went into 


research 
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What Says... 


manufacturing divisions. For en- 
gine scheduled several years the 
future, they would consider not only 
the general fundamentals ad- 
vanced engine but its manufactur- 
ing problems well. This section 
might described engineer- 
ing development group with much 
its work overlapping production 
engineering and 
search. 

Frequently, any one the de- 
partments the laboratories, 
several departments, may work- 
ing the general laboratory proj- 
ects, and often four five depart- 
ments work single project. The 
mechanical engineering groups con- 
with 


specialized 


along those the chemical, 
instrumentation 


This method results the 


metallurgical, and 
groups 
and 


And, 


another, 


greatest cooperation 


found most successful. 


one project generates 
personnel are urged suggest new 
one 


Projects are not always carried out 


CORRELATING THE PHILOSOPHY AND PRACTICES RESEARCH Continued 


the same manner. Usually, devel- 
opments are carried the point 
proving principle establish- 
ing fundamental data. Then these 
fundamental data and results are 
turned over one the engineer- 
ing departments manufacturing 
division develop the production 
design. Projects like the Navy’s six- 
teen cylinder pancake diesel, with 
fully controllable pitch propeller, 
are the exceptions the rule, and 
the development was carried almost 
the production stage. 

The research General Motors 
composed ratio about 40- 
40-20, with percent going for long 
range fundamental research, per- 
cent for short term developments, 
and percent service the pro- 
duction divisions. This has proved 
good division the work 
over long period time. Most 
the important developments come 
out the long-range research, with 
the short term work the 
method used capitalize the long 
operate industrial research labo- 
ratory without doing some service 
work, the percent service the 


What Westinghouse 


dividends. The probability also 
that the 
the investigation and the produc- 
tion actual product will 
much shorter than that between 
research investigation anda product. 


time lag between the start 


Before going further, perhaps 
would best define, least 
loosely, the difference between en- 
gineering and research. Some com- 
panies call advanced development 
project development research, but 
for the purposes this discussion, 
search for scientific knowledge 
search for which there definite 
obligation schedule. Engineering 
the application new scientific 
knowledge the design and pro- 
duction equipment. 


research 


While there may particular 
schedule for completion re- 
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search project—some “open end” 
products such development 
better magnetic 
materials have been the books 
for years and probably always will 
main lines endeavor must 
laid out advance manage- 
ment. This can done two ways: 
formally informally. 

large company, the formal 
way usually consists program 
wherein the heads the various 
engineering divisions submit list 
projects the laboratory. These 
projects, which can any type 
description, usually are checked 
and discussed individually and 
series laboratory conferences. 
These conferences are followed 
formal meeting btween laboratory 
and engineering supervisors dis- 
cuss each the problems. 


production divisions usually 
advisory capacity suggest solu 
tion production problem. 


Research for Small Companies 


Small companies that maintain 
any kind research staff 
group rather than specialists 
phase engineering. This per 
haps due part the large man 
power requirements for applied 
search that have forced employers 
into competition with others offer- 
ing positions sales operation 
order get good man into re- 
search. This competition has brought 
the salaries research line. 

The small companies without 
search departments frequently hav: 
colleges some applied research 
for them. This also true 
government, but not big business 
the industrial research labora- 
tories, the funds for research 
limited; consequently, the 
must planned accordingly. 
been roughly estimated that pri- 
vate concern would use one-third 
the money used the government 
and still accomplish the same results 


course 


Formal meetings give the engi 
neering managers the 
problems, many which may cut 
across divisional lines. They als 
give both parties opportunity 
suggest and criticize. 

The second approach the in- 
formal one that necessary 
the successful functioning 
research program. various 
engineers periodically drop into 
laboratory, working 
established that fully im- 
portant, not more so, 
formal approach. addition, th: 
heads the various research pro}- 
ects get out see the problems 
physical state the divisions, 
obtain better appreciation 
engineer’s viewpoint. 

the final analysis, however, 
the research management that 
decide which problems are the 
important. The job the researc! 
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OPERATIONS POLICY COMMITTEE 


EXECUTIVE VICE-PRESIDENT 


GENERAL STAFF (Technical Activities) 


RESEARCH STYLING 


PROVING 
GROUND 


ADVANCED 


ENGINEERING 


PATENT 
SECTION 


NEW 
DEVICES 


laboratory acquire the kind 
which 
company can build and conduct its 


scientific information 
business. The viewpoint that got- 
ten talking with engineering peo- 
ple usually colored the prob- 
lem today, but the fact that the 
same problems may come year 
after year indicative the need 
for basic information. Realizing this, 
the researcher can establish pro- 
gram this general field. infor- 
mation forthcoming immediately, 
the company can use it; not, they 
still will able profit from the 
knowledge forty years from now. 
That why Westinghouse putting 
large percentage its effort into 
projects for which there clear 
immediate application, but for which 
they foresee need the future. 

the other hand, the develop- 
mental engineering groups usually 
push shorter range objectives. 


Often the dividing line between 
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FINANCIAL POLICY COMMITTEE 


EXECUTIVE VICE-PRESIDENT 


OPERATING DIVISIONS 


PROCESS CAR AND ENGINE OTHER 
DEVELOPMENT TRUCK GROUP GROUP GROUP GROUPS 

OPERATING OPERATING OPERATING OPERATING 

DIVISIONS DIVISIONS DIVISIONS DIVISIONS 

DEPARTMENT DEPARTMENT DEPARTMENT DEPARTMENT 

GICAL DEPT. GICAL DEPT. GICAL DEPT 


How the research, development, and engineering groups are coordi- 
nated GM. Each division responsible for its own products, with 
central staff providing council and data for problems the future. 


these groups and research difficult 
for 
function properly, the efforts both 
Actually, 
should continuous flow 


and 


there 
in- 
formation from research laboratories 
right down through engineering 
the end product. 

One way establishing such in- 
terrelations close cooperation 
discussed above. Another 
allowing the development 
his own research when 
desires. When the materials, devel- 
opment, and central 
laboratories are counted in, 


engineering 
West- 
inghouse has over 100 locations 
which 


research can 


The amount research done 
these various areas depends the 
type men the staffs. Some de- 
signers, when they come against 
basic problem, inaugurate their 
own program investigation. Oth- 
ers will pass the problem the 


research laboratori ine 

to follow through on a problem must 
given, within limits, any man 
l€ IS tO GeSI£LN anda Create 


The same freedom action must 
also given the 
the 


main lines investigation 


laid 


out management the 
details left the scientist, results 
are certain to be torthcoming 
Note: Research, ever 
limited sScaie, May De an expe 
undertaking and thus beyond the 


small 


their own plant. this case, the 


means < ern to St 
company can underwrite projects 
specialized fields with universities 
with commercial laborator 
as: The Mellon Institute, Pittsburgh 
Armour Research Foundation 
Battelle Memorial In- 
stitute, Columbus, Ohio; Southeast- 
Atlanta, 

Southwest Research Institute, Sar 
Antonio, Texas; Stanford Research 
Institute, Palo Alto, the 
Franklin Institute, Philadelphia, 


les suc! 


| 
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ORGANIZATION CHART 
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Structures 
Chief 


Asst Chief 


Mech Design 
Chief 


Asst Chief 


Aero- 
Chief 


Pro- 
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Engr 


Controls 


Stress 
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Dynamics 


Armament 
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Project 
Engr 
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Administrator Chief 


Test Mech 
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Flight Test 
Mech 


Equip and 
Procurement 


Test Lab 
Mech 


Landing Geor 


and Hyd Mech 


The complexity modern aircraft and its components has forced the evolvement 


new approach design. Applicable other complicated products, 


this method requires special type engineering department organization 


Design Versus Development 


THE AIRCRAFT INDUSTRY well 
certain other fields, the entire con- 
cept design has given way the 
concept development. With this 
transition has come consciousness 
systems and system engineering 
brought about the increasing com- 
plexity the components that make 
today’s aircraft. Team develop- 
ment replaces the separate phases 
research, design and post-design ef- 
fort with process encompassing all 
them and combining them into 
single progressive activity. 

Product development its newest 
sense includes the development 
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Chief, Mechanical Design 
Northrop Aircraft, Inc. 


systems’ components, the systems 
themselves, and finally the combina- 
tion these systems into the final 
product. Throughout the cycle there 
are five phases: (1) preliminary re- 
search; (2) design the usual sense; 
(3) technical analyses 
during the design phases; (4) ade- 
quate testing; (5) inevitable changes 
the result analysis and testing. 

While design could and fre- 
quently was largely one man un- 


dertaking, development its ver) 
nature team job. accomplis! 
this the engineering 
must provide efficient develop 
ment team. 


Department Organization 


Organization engineering de- 
partment development team 
pictured Fig. Development 
sponsibility placed functiona 
groups with each handling its par- 
ticular portion the design tech- 
nical work for all airplanes. 

This organization the group sys- 
tem contrasted the project 
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are initiated and performed there; 
current design problems and techni- 
cal analyses are carried under the 
same supervisory staff. Technical re- 
sponsibility for thermodynamic 
tions rests with this group from the 
original inception design until 
the airplane has finished its useful 
service life. 
the same way, design section 
such Controls carries out its as- 
signed responsibilities which are en- 
tirely the field controls. These 
include varied activities research, 
experimental design, and production 
design. keeping functional and 
related responsibilities centered 
specialist groups, has been possible 
maintain continuing design phil- 
osophies and absorb new person- 
nel with minimum effort and 
confusion. 

Many discussions have advocated 
the desirability segregating re- 


search activities from design hav- 


organization chart Northrop Avi- power control system one airplane 


ing separate sections, and even 


set for development Sections 
are responsible for development work 
their field for all airplanes. 


feet. Testing done this system re- 
quired 68,700 hr. were spent 
design, and 79,000 analysis. 


system used elsewhere the air- 
craft industry where project group 
established with responsibility for 
all design phases one airplane. 
There are arguments favor both 
systems and company goes com- 
pletely one direction practical 
operation. 

this particular engineering or- 
ganization there are two main divi- 
sions: service groups supervised 
administrative engineer who 
responsible the chief engineer; and 
design and technical groups directly 
headed the chief engineer. Eight 
design sections, equivalent num- 
ber technical sections, and 
ever-increasing number service 
groups make the engineering de- 
partment, with the development work 
done primarily the Design and 
Technical sections. 

The sections are responsible de- 
partment heads. Those departments 
having design responsibility are: 
Aerodynamics, Structures, and Me- 
chanical Design. 

Basically, their responsibilities are 
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broken down that: Aerodynamics 
responsible for the external shape 
and size the airplane; Structures 
responsible for the basic load 
carrying members; Mechanical De- 
sign responsible for the remainder, 
including all equipment installations. 

Project engineers have import- 
ant function the group system. 
They are directly responsible the 
Chief Engineer, and carry the full 
authority that office project 
all but strictly design decisions. 
These functions include all technical 
contacts with the customer and the 
engineering phases contract ad- 
ministration. Having only one project 
consider, the project engineer can 
devote his entire efforts coordinat- 
ing and expediting activities peculiar 
that project. 

Within the specialist groups are 
sub-groups that are responsible for 
the entire development within each 
specialized field. All work thermo- 
dynamics accomplished the 
thermodynamics section, typical 
technical section. Research projects 


production design. While this has 
been done in certain long range pro}- 
ects, the writer’s experience that 
many types research, experimental 
design, and production design can 
effectively carried out under the 
same supervisors with noticeable 
improvement both group morale 
and quality design. intimate 
association with current service and 
design problems has been spur 
research progress both design and 
technical sections 

Preliminary Design 

During preliminary design stages 
personnel from the design and tech- 
sections are brought together 
place designated the prelimin- 
ary design room. These men main- 
tain their responsibility their re- 
spective section supervisors who re- 
main responsible for the technical 
excellence their particular por- 
tion design. While this group 
project task force for particular 
airplane, each member has the ad- 
vantage the past know-how and 
the continuing research his spe- 
cific field all the members his 
section. 

The work remains preliminary 
design until: (a) all major design 
decisions have been made: (b) the 
group becomes large that the ad- 
vantages small closely knit group 
are lost; (c) more urgent job 
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Fig. Block diagram the full power con- 
trol system shows its relation other systems 
the airplane. Understanding relation 


replaces preliminary design. 
After leaving this stage, turned 
over the design sections with the 
previously assigned engineers con- 
tinuing with the project usually 
lead engineers. this way compo- 
nents and systems are kept compat- 
able, since, for example, the electri- 
cal system engineers are aware 
the trend hydraulic and mechani- 
cal parts, and can proceed with their 
designs accordingly. Similarly, all the 
design groups involved are informed 
each others plans and progress. 
this stage development, one 
the service groups takes over the 
important job coordinating future 
work and reporting progress. The 
Planning and Scheduling Depart- 
ment charged with the responsi- 
bility preparing integrated sched- 
ules that indicate the dates which 


technical data, test specifications, and 
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System 
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Servo 


Operating 
Mechanism 


Mechanism 


Electrical 
System 


28V 
Electrical 
System 


Yow 


Operating 
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other types information will 
required the sections. This 
involved task that requires close col- 
laboration all the technical and 
design sections. 

Progress reports management 
are also the responsibility this 
service section, and these reports are 
compiled from data supplied the 
development using both 
hand prepared charts and business 
machine tapes. 


sections 


Playing new and important role 
development the Test Depart- 
ment. Testing, once considered 
primarily evaluation procedure 
check the design now rec- 
ognized important phase the 
development concept. Many testing 
programs which start out evalua- 
tion tests become development prob- 
lems before the tests have progressed 
very far. 


Only 
Engine 
Installation 


Variable 
Volume 
Pump 


Reservoir 


LH. Hydraulic 
Distribution 
System 


Aileron 
Jalves and 
Cylinders 


Elevator 
Valves and 


Cylinders 


Rudder 
Valves and 


Cylinders 


Distribution 
System 


Variable 
Volume 
Pump 


Engine 
Installation 
Only 


one system others the plane the basis 
system engineering. Some components 
this control are systems themselves. 


Development testing which test 
are performed concurrently with 
design design aids done nea! 
every type unit the airplane 
electronic units, mechanical part 
hydraulic valves and structural con 
ponents, well the functiona 
systems which many these part 
belong. This procedure has becom 
progressively more important 
the past six years, and present 
fully twenty-five percent the 
gineering department personnel 
members the Test Department. 

expected and must taken int 
account time estimates and 
schedules. Since these changes 
inherent part the development 
all but the simplest programs, 
ure recognize them results un- 
met schedules, higher costs and 
layed production. 
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Table Major Functional Systems Military Aircraft 


Aileron Controls 18. Engine Installation 35. Hydraulic System 52. Radar Cooling 

Aileron Trim Controls 19. Engine Mount Hoist 36. Hydraulic System Emergency 53. Radar Pressurization 

Air Conditioning 20. Engine Ignition 37. System Altimeter 

21. Engine Starting 38. Internal Lighting 55. Rocket Fire Contro! Radar 

Anti-G Suit 22. External Lighting 39. Instrument System 56. Rocket Fire System 
Auto Approach Coupler 23. Fire Control Computer 40. Interphone Ground Crew 57. Rocket Launching Syster 

Auto Pilot Controls 24. Fire Extinguishing 41. Interphone Airplane 58. Rudder Control 

Cockpit Arrangement 25. Fire Detector 42. Landing Gear Emergency Release 59. Rudder Trim 

Communication Radio 26. Flight Control Feel Landing Gear 60. Single Point Fueling 

10. Crew Escape System 27. Flap Control Landing Gear Main 61. Speed Brake Control 
Directional Reference 28. Flap Control Emergency 45. Landing Gear Nose 62. Tacticai System 
12. Ejection Seat 29. Fuel Flow Indicating 46. Lubrication Oil Cooling 63. Throttle Afterburner Contr 
13. Electrical Power 30. Fuel Quantity Indicating 47. Navigation Radio 64. Visual Presentation (Pilot) 
14. Electrical Power 31. Fuel Purging 48. Nose Wheel Steering 65. Warning Signal System 

15. Elevator Control System 32. Fuel System 49. Optical Sight System 66. Wheel Brakes 

16. Elevator Trim Control 33. Fuel Vent System 50. Oxygen System Wheel Brakes Emergency 
17. Enclosure Controls 34. Hydraulic Reservoir Heating 51. Pilot Static System 68. Windshield Defogging System 


Application System Engineering 

Specific application team devel- 
opment the evolution hypo- 
thetical military aircraft illustrates 
how this technique operates during 
design. 

First step the preliminary design 
involves setting the systems which 
will required produce air- 
plane capable accomplishing the 
required mission. Table lists the 
major functional systems such 
aircraft, and illustrates the complex- 
ity this job. 

Preliminary research system 
involves analysis basic concepts 
and new ideas applied old prob- 
lem. For instance starting the de- 
velopment the autopilot system 
for new airplane, engineers ask: 
necessary tie the system ver- 
tical and rate gyros, has become 
customary the autopilot field? Are 
there other stability derivatives than 
those customarily used which will 
permit stabilization the airplane 
well better? Can some new ap- 
proach the whole problem 
used? These are research-type ques- 
tions and require research for their 
solution. 

After questions such these have 
been answered and fundamental 
principles have been established, ba- 
sic development problems 
attacked. 

research were determine that 
accelerometer can used 
measure side force and that this will 
used sense side slip, the devel- 
opment proceeds along the line: 
What accelerometers are available? 
What principles can used de- 
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velop accelerometer with the 
required sensitivity 
values? 

This portion the development 
accomplished preliminary design 
under the direction the servo- 
mechanisms section. Wher. the sys- 
tem leaves there, will fairly well 
specified and the actual hardware 
stage will reached. The major 
items the including the 
airframe, hydraulic systems, the ca- 
ble system and perhaps even the 
servo motors will known values. 
The characteristics required the 
boxes” (electronic devices and 
controls) are derived from the func- 
tional analysis, the system syn- 
thesized meet the specified char- 
acteristics. 

During the “design the usual 
sense” phase after leaving prelimin- 
ary design: Aerodynamics must sup- 
ply the stability derivatives; Weight 
section maintain weight control; 
Electrical and Equipment prepare for 
their installation problems; Hydrau- 
lics may involved new valve 
designs; and Controls carry major 
load control system and compo- 
nent design. 

Structural component development 
requires the closest coordination be- 
tween the engineering department 
and the shop, because involves spe- 
cialized personnel and methods. 
matter how carefully the original 
design executed, design changes 
will dictated revised tooling 
methods, material changes new 
processes that lead cheaper pro- 
duction. 

Testing important and in- 


tegral part team development 
done both systems and compo- 
nents. Tests become extremely in- 
volved since that 
environmental conditions correct- 
represented. These conditions must 
ground testing adequate: Fig 
illustrates full-power control sys- 
tem test stand for one airplane design 

example environmental test- 
ing component development 
represented one hydraulic control 
valve. With requirements severe 
that hydraulic control companies de- 
clined bid the job, design had 
accomplished the home plant 
This valve involved sleeve with 
number drilled holes, each 0.013 
in. diameter. result test 
stand operation, number changes 
were made improve operation. One 
such change involved the broaching 
“V” slot along one side two 
these very small holes and the 
development the tooling accom- 
plish this. 

Final system check airplane 
comes flight testing. This very 
expensive, for obvious reasons, 
much testing possible done 
the ground. important phase 
flight testing pilot reaction since 
some systems are designed 
for pilot acceptance give the 
pilot the control feel desires 

The final chapter development 
the complete airplane being tested 
full scale under its own power the 
environment for which was de- 
veloped. More changes result from 
the flight program. Once these are 


incorporated, the plane ready 


18] 


— 
— 
| 
| 
q 
| 
7 
] 
q 
al 
| 


Fig (above) Based cost previous designs and knowledge 
the manufacturing changes required for new bumper, the cost 
engineer can make preliminary estimate that accurate within 
few cents the final figure. Fig (right) cost 
analysis prior finishing design enables Studebaker obtain 
better comparison component designs, such the water 
pump shown here. This prevents setting uneconomical designs. 


ONE SOLUTION 


Design Bottlenecks: 


special Engineering Groups 


WHILF 


consulting groups established 


THE USE OF CONSULTANTS or 


principle engineering department 
operation, new conceptions pur- 
pose and function are currently be- 


ing introduced. Instead of dealing 


with design production problems 


such metallurgy, electrical con- 


standards, these 


trol, groups are 


concerning themselves with engi- 


neering budget control, experimen- 
and 


specification, 


engineering procedures, and other 
phases operation that have re- 
ceived only incidental attention 
the past. 

For example, integral part 
Studebaker’s engineering department 
consultant who concentrates 
the estimation and reduction costs 
new models and components 
There rigid rule that decision 
made the engineering ap- 
pearance qualifications new de- 
signs, whether entirely new 
body only water pump 
bumper, unless there are accurate 
estimates purchasing manufac- 
When the re- 


turing costs each 
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search department and the designers 
are plugging for improved quality 
and performance, the cost engineer 
contributes big The result 
always compromise although 
frequently the side improved 
performance, but the decision 
much more intelligent one than 
cost figures were unavailable. the 
long run, design that not eco- 
nomical may fatal. 

The procedure new model 
follows: the engineering depart- 
ment supplies the styling section 
the dimensions and 
height top and 
bottom frame, length and height 
hood line, overall length car, front 
and rear seat height which 
buckboard drawing made. Sketch- 
new models are then prepared, 
from which 


with salient 


proved into the clay model stage. 

From this point, the engineering 
cost analyst works closely with the 
styling section, the engineering de- 
partment, and the shop check 
piece costs. Both major and minor 
items affected the change are 


listed, checked for weight, old 
and new cost. The cost 
follow through all items unt 
management makes decision 
which model produce and 
changes are made, and may act 
liaison between engineering, 
shop and outside suppliers. 

All preliminary analysis base 
the experience the cost 
neer, who turn bases his estimat: 
former piece part costs, materia 
costs, and background experi 
ence production methods. Stude 
baker has found that this prelim 
inary cost analysis has ad- 
vantages: (1) the engineering de- 
partment has opinion 
the cost changes, and therefore 
more data which base deci- 
sion; (2) has closer contact with 
suppliers and with the shop; and 
(3) changes can made 
cost before parts are put into pro- 
duction. 


Engineering Budgeting Control 


Closely allied with product cost 
the problem engineering budget- 
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Fig 3—On major change charges under either 
such new engine 


are apportioned 

Studebaker has found the 
cost engineer invaluable 
spotting changes that should Design Engin 
made simplify manu- Drafting Salaries 
facturing prior putting Engineering 

aries 

} Overhead ery 

le ri¢ al, t 
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Experimental 
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Many companies have found that engineering groups Each project 
° an en neerl 
concentrating such problems budgeting, new model cost, 
future development, purchasing, production, special design 


not only relieve confusion and improve efficiency but 


agesign or ¢ X pe 
maint 
provide sounder base for the development new equipment. expenditures 
approx! 
engineering 


ing. All concerns establish engi- 
neering budget that broken down 


must performed obtain operat- 
ing information. For example, de- 


labor in seve! 


tabulating 


into allotments for various projects, pending the method rect labor, 
but the system use the Wright the cost production sales, the from job report 
Aeronautical Division Curtiss- entire engineering department costs every pay 
Wright, Wood-Ridge, New Jersey, may carried overhead rent estimates 
goes farther than that; and detailed infor- computed 
follow-up periodic intervals mation would not available from 
determine more less the al- usual financial publications and labor 
lotted money being spent di- The budgets are established the 
rected; the rélationships the beginning each fiscal year and cumulated 
why; there are bottlenecks models reciprocating, turbine, Totals the 
suppliers; the funds split into design engineering costs, mulated 
for research and development con- and experimental costs. Design 
tracts are properly expended; costs are the costs 
partment costs. state development and correct- mitment, 
This done budgeting divi- conditions that may occur the maintained for 
sion that part the engineering field. These include not only engi- can 
department, Fig. and reports and supervisory salaries, mitments 
the Director Sched- also overhead charges for stationery 
ules. keeps track expenditures office supplies, travelling expens- part 
engineering projects es, etc. Experimental engineering maintain 
Ordinarily once such costs are incurred result spe- elements 
charged into various accounts military result funds ap- experimental 


special analysis these accounts 
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(less 
Purchasing costs are deducted from 
total engineering cost because one 
engineer with sizable requisition 
can throw the whole picture out 
focus. These relationships for the 
department whole should re- 
main fairly stable over long period 
time. 

These and other charts, Figs. 
and are used strictly for engineer- 
ing control purposes. They are en- 


tirely separate from normal ac- 
counting operations, and the break- 
kept 


little manpower 


simple that very 
needed for measurement and 
that the results are usable the 


affected engineers 


Industrial Engineering Staff 
the Engineering Department 


Another innovation this aircraft 
engine company the establishment 
industrial engineering group 
within the engineering department. 
This group charged with the re- 
sponsibility constantly reviewing 
methods within the department and 
recommending procedures that will 
efficiency. Such 


result higher 


ANT EER 


ADMINISTRATION 
AND RECRUITING 


DIRECTOR DIRECTOR DIRECTOR DIRECTOR 
DEVELOPMENT EXPERIMENTAL PRODUCTION CONTRACTS AND 
NON-ROTATING OPERATIONS SERVICES SCHEDULES 
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EXPERIMENTAL MATERIALS 
RAM JET PURCHASING LABORATORY BUDGET 
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PRODUCTION 


EXPERIMENTAL 
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Fig Two special groups the engineering department Wright Aeronautical 
that have contributed greatly improved operation are (1) the industrial engi- 
neering group, whose analyze methods and procedures within the 
engineering department; and (2) the budget group, which maintains running 
check engineering costs. Group responsibility makes checking progress easy. 


practices engineering change no- Purchasing Groups Engineering par 
tices, departmental organization, and Many concerns have discovered eng 
other management phases engi- within the past few years that there 
neering are constantly under their are advantages having trained eng 
scrutiny, and since they report di- the purchasing depart- the 
rectly the Vice President ment having trained purchas- 
Chief Engineer through the assistant ing agents who are engineers the 
chief engineer, their engineering department. For exam- 
tions usually receive immediate one the large appliance man- abl 
tention. ufacturers the country has two tha 
example how organization men whose jobs are maintain 
may changed promote constant contact with one 
proved operations illustrated These engineers not only keep the 
the organization chart, Fig. For- the lead time required the lea 
merly, there were fourteen operat- ordering components but also, dre 
ing divisions under the chief engi- intimate contact, get good 
neer and the assistant chief engineer, idea the developments that are 
each reporting individually prob- along the suppliers plants car 
lems and progress. The result that might applied their prod- 
that some problems were not given ucts. 
adequate attention, while others re- Secondly, some the 
ceived too much. discovering that the lag time 
With the new setup, there are and equipment for their re- 

six engineering executives reporting search and development programs 
directly the vice president constantly increasing. The reason 
chief engineer. Responsibility this, course, that the main 
been grouped and correlated that job the purchasing department 
not only the chief engineering exec- keep the factory operation, 
utive but also the department exec- that developmental parts not re- tio 
utives can keep better check ceive the attention they require. 
progress and development. this case, separate purchasing de- tra 
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Fig (left) plotting dollar commitments for experi- 
mental parts versus value parts delivered, the budget 
section can spot trends procurement and take correc- 
tive measures. Diverging lines represent deterioration. 


partment consisting either 
engineer trained purchasing 
executive can attached the 
engineering department handle 
the job. 

Finally, times like these, 
engineer may find that his specifica- 
tions call for part that not avail- 
able. this the case, may mean 
that the entire design has re- 
figured re-drawn. Consequently, 
one approach that being used 
the Lincoln Electric Company 
leave final specifications off all 
drawings until trained 
who are attached 


engineers 


group the engineering department 
can check with suppliers deter- 
mine availability. other words, 
specifications are written only after 
the engineering department knows 
what can obtained. 


Computer Sections 


More and more companies are dis- 
covering that they can save great 
deal engineering time and effort 
establishing mathematical sec- 
tions within the engineering depart- 
ment. Generally, these consist 
trained mathematicians who are 
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adept handling various types 
numerical and analogue computers 
This trend started the aircraft 
industry, where problems with 
infinite number variables are 
adaptable computing machines. 
has spread however the automo- 
tive industry, and several large au- 
tomotive manufacturers have now 
established computing divisions. One 
the latest the Chrysler Cor- 
poration. 


Future Development Section 


Companies who have established 
research divisions often find that 
there considerable gap between 
research and engineering. Very lit- 
tle the research output may 
directly applicable the designer 
development work, whether the 
mental nature. General engineering 
laboratories usually attempt con- 
vert that output into materials that 
can used the designer, but 
sometimes this difficult proce- 
dure. One company has solved this 
problem setting Future De- 
velopment Section, whose job 


foresee markets and develop equip- 


Horizontal distances between lines give average procure- 
ment time months. Fig (right) Experimental ma- 
chine shop schedule vs. actual production manhours. 
Plot shows bottlenecks and needs for additional capacity. 


The advantage this section 
that takes long range problem 
away from the engineering depart- 
ment, where day-by-day problems 
generally require all the effort. The 
opnjective is new equipme 
far ahead competition 

Another step fill the prod- 
uct gap where product has pre- 
viously been practical. For example 
if an electric motor were to be de- 


veloped that had operate 400 


ambient, some strange phenomen 
might occur, such as electrica 
creep, about vel 

] | nor rine +h ry In 
engineering neory nsu- 
lation, bearings, greases, and finishes 


would all problems. The 
these problems may the 


research lab, but long range devel- 


opment sections wouk 
them all together into a motor that 
then could taken over 
product designer. Generally, 


long range development groups are 


not interested cost. The line de- 
velopment group project engi- 


neer is. His problems are still diffi- 
cult but much 
solution than before. 
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Editor’s Note significant 
phase the growing revolu- 
tion drafting room practices 
the use photographic 
methods for the production 
electrical and mechanical 
drawings. These “photographic 
drawings” are uniform, have 
excellent appearance, and 
can made quickly and with 
high degree accuracy. 
They typify trend toward the 
streamlining engineering 
department procedures, and 
provide field for investiga- 
tion that many manufacturers 
could profitably explore. 


DURING PERIOD which the major 
phases engineering work have ad- 
vanced rapid pace, certain asso- 
ciated phases such drafting tech- 
niques and drawing reproduction 


have been practically dormant. Per- 


Fig. drawings contactors, relays, resistors, 
switches, fuses, and other components first are drawn 


scale tracing paper. 


Fig 4—Layouts are photographed with two fixed focus 
cameras. One negative used make drilling templets; 
the other, used for the electrical drawings. 


Templets Photography 


TEUSCHER, Industry Control Department, General Electric Compa: 


haps the reason that these asso- 
ciated phases have 
looked upon engineering services. 
Whatever the reason, the reproduc- 
tion engineering layouts and 
drawings has continued done 
methods easily recognizable 
three generations engineers; and 
significant that only recently has 
sufficient engineering talent been ap- 
plied accomplish changes and ob- 
tain progressive results. 

Thus photographic reproduction 
drawings has received considerable 
attention and has been recognized 


being superior convention 
techniques under certain circun 
stances. Templets have been con 
bined with photography 
produce original drawings. Now 
control panel electrical and mechan 
ical drawings are being made 
manner the Industry Control 
partment the Electr: 


Company Schenectady. The 


has been that more drawings 
greater uniformity are produced 
lower cost. 


Briefly, the procedure consists 


using steel symbolets—so named 


Fig Drawings are reproduced reduced scale stee! 
plates, called symbolets, which are then filed systematically 


under headings equipment they represent. 


Fig Negatives are processed darkroom and enlarged 
produce electrical drawings photosensitive tracing 
cloth. The exposure time the enlarger fixed. 
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Low Cost Drawings 


cause their similarity symbols 
and templets—on magnetic layout 
board, photographing the layout, and 
printing the drawing photosensi- 
tive tracing paper (Figs. 6). 
being used for both electrical and 
mechanical drawings. 


Electrical 


This method producing drawings 
has made possible new electrical 
connection diagram that scale. 
previous conventional drawings 
the composite symbol arrangement 
did not indicate clearances correct 
relative heights for the electrical de- 
vices and was not true picture 
the actual panel layout. The difficulty 


interpreting the old type diagram 
may compared that under- 
standing mechanical drawing that 
completely out proportion. The 
symbol was strictly electrical rep- 
resentation and did not illustrate me- 
chanical details. For example, did 
not show whether connection stud 
terminal was located the front 
the panel the back. 

The new type connection dia- 
gram that has been developed over- 
comes these undesirable features 
providing accurate and completely 
detailed scale representation the 
panel. The arrangement and size 
symbols agree exactly with the lay- 
out devices the panel manu- 


Fig 3—Symbolets are used make layouts placing them within borders 
representing equipment housing. They are held place Alnico magnets that 
are screwed in. centers into the layout board. 


Fig Base drilling templets are made projecting the film negative full 
size. Both the mechanical and the electrical details the layout are shown 
this negative. this point that tracings are made for the shop. 


factured. Relative length 


wire runs, and location stu 
terminals can scaled directly from 
the diagram. 

For electrical connection diagrams 
the symbolet essentially electri- 
cal symbol which has been super- 
imposed upon the drilling plan 
electrical device such relay 
contactor. mechanical draw- 
ings, symbolet represents assem- 
bly detailed part and may include 
complete dimensions. may simply 
The 


only requirement that this 


ing block” one that can used 
11.) 


1e Scale Symbols are true repre- 


over and over again. (See Fig 


sentations the devices and com- 
ponents. The photographs Fig. 
(A) show front and back views 
d-c contactor 


100-ampere power 


Note the close similarity between 
these photographs and the new sym- 


bol, (B) 


the symbol always shown at- 


The electrical portion 


tached the appropriate conection 
termina!s; the illustration Fig. (B) 
that 


connections are 


indicates the top and 


power! respectively 
vertical and horizontal bars extend- 


The 


photographs show also that the inter- 


ing through holes the base 
lock and coil terminals are located 
the front the panel and are 
wired through lead holes. The sym- 
bol portrays this information the 
broken line extending from the lead 
hole the solid dot designating the 
coil interlock terminal. 

the preparation the symbolet, 
master drawing first made and 
reproduced steel plates. The hous- 
ing, the electrical symbol, and the 
mounting holes are printed black 
white background. Hole sizes 
and other drilling data are printed 
blue. When the photograph made 
for the preparation the drilling 
templet, filter used which permits 
the recording the infermation 
black and color. For the prepara- 
tion connection diagram me- 
chanical drawing, filter used 
suppress the detail that color. 

the back wired panel, Fig. 
outlines for components mounted 
the front the panel are shown 
dotted; solid outlines denote rear 
panel mounting. This feature permits 
panel assembly the 


connection diagram and obviates the 


directly from 


need for separate sketches draw- 


ings. The encircled numbers 
device symbols denote material 
item numbers. 
The scale connection diagram 
There are control wires dra\ 
in, only the power leads. The elimi: 
IRS, 
reduces congestion and makes 
diagram easier read. The 
diagram utilizes “wire table” whi 
wires arranged numerical 
Opposite each wire number are list: 
the designations all devices 
nected that wire. the pan 
section, each wire number show 
IRS 
adjacent the connection stud 
terminal the device which 
connects. wire run can quick! 
followed referring the wir 
table and the numbered symbols. 
the wire table the new 
diagram the device designations 
each wire are listed the prope 
wiring sequence that is, the succes 
sive order which all devices 
connected. The scale diagra: 


DENOTES MATERIAL makes this possible because th: 
LIST ITEM 


shortest wiring path easily dete: 

ARE mined from the scaled layout. 

feature advantageous that (1) 

the connection diagram prescribes 

the manufacturing organization 

actly how the panel wire 
Fig Electrical connection diagram for control panel made photographic and (2) wire tracing during 
methods. this “wireless” wiring diagram, connections are numbered after maintenance the 


the drawing made. Outlines equipment that mounted the front the easier because the dia 


panel are shown dotted lines. Solid lines indicate back mounting. gram agrees exactly with the actua 


mounting details panel enclosures, operating stations, control desks 
facilitated numbered lines showing distances along horizontal and vertical axes from corner location 


Fig Mechanical drawing used show 
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wiring. The scale diagram 
record the physical 
vell the electrical properties the 


meters, pushbuttons, rheostats, in- 
dicating lights, selector switches, and 
other components necessary meet 
the specific requirements the user 


this photographic reproduction proc- 
ess can applied the construc- 
tion interconnection diagrams 
vithout additional changes. Symbols 
for the motor, brake, and pushbutton 
shown Fig. are reproduced the 
same manner the panel devices. 


Drawings 


mat grid made represent 
the steel work the the door; the 
area which corresponds the front 
the door cross sectioned with 
horizontal and vertical lines spaced 
one half inch apart. These lines are 
also numbered half inch intervals. 
Symbolets for the door components 


are located the desired center 
further expansion the pho- All dimensions the mat that 
J 


q 


tographic reproduction scheme, 
process for reproducing new type 
low cost mechanical drawing for 
use sheet metal components has 
been developed. 

This illustrated Fig. which 
shows layout for 
drawing that used for drill- 
modifying the doors panel 
nclosures, operating stations con- 
trol desks. These modifications are 
for adding various arrangements 


not apply any the components 
are deleted covering them with 
pieces metal that have been painted 
white. This layout photographed 
and reproduced sensitized tracing 
cloth. Often the only hand lettering 
writing that required the 
approval signature. 

can readily seen, this type 
drawing can laid out matter 
minutes and errors are practically 


eliminated. Layouts are greatly facil- 


Fig 100-amp power contactor 
shown (A) photographically and (B) 
the corresponding symbolet 


Short Notes Drafting Room Short Cuts 


Printed drawings rather than inked tracings 
pencil sketches are being used many concerns for 
standardized housings components that vary only 
overall size minor detail, Title blocks, margins, and 
detailed notes are included. Overall critical dimensions 
that change from job job are the only additions that 
have made the draftsman when enters the job 
number and customer name the drawings. 


Typewriters with adjustable size type, such the 
Varitype IBM machines are being moved into the 
drafting room for the preparation drawing notes. The 
obvious savings time the part skilled drafting 
personnel more than offsets the cost the equipment. 


One the booming drafting room techniques in- 
volves the use made the Stanpat 
Company Whitestone, New York. These are drawings 
that are printed transparent paper that coated, front 
and/or back, with adhesive. They can used 
much the same way the Symbolets described 
Mr. Teuscher’s article except that the forms are pressed 
out standard size drafting paper instead being 
placed layout board. For example, the elevation view 
standard pumps, valves, reservoirs, and other compo- 
nents might kept file for hydraulic layouts, Only 
connecting lines and dimensions, any, need added 
once layout made. Running the layout through 
blueprint machine fuses the Stanpat 


Light blue brown guide lines drafting paper 
facilitate layout, yet will not show blueprint. Prac- 
tice varies, but often this done local printer when 
title blocks and margins are being 
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Three dimensional drawings are replacing top, side 
and elevation views plants many the process 
equipment manufacturers, and course have been used 
for many years the mass production industries 
instruct shop personnel assembly and manufacturing 
methods. Large concerns can arrange for instruction 
the various techniques their own plants. Smaller con- 
cerns have successfully pooled facilities with other com- 
panies the same size, have paid for weekly classes 
local trade schools universities 


Celluloid plastic templets bolt heads, piping 
connections, and widely used electrical and mechanical 
components are being used the aircraft and certain 
other industries cut down the amount time re- 
quired detail drawing. Such templets are inexpensive, 
particularly stamped from plastic sheet plastic 
job shop. 


The value standards well established, not only 
aid design but also the shop and stockroom 
With taxes high levels, now the time invest the 
development standards manuals, even though engi- 
neering departments are overloaded with new design 
projects. For the same reason, the time was never more 
opportune for the replacement drafting room 
equipment. 


The day finely inked drawings rapidly passin 
many industries already passed. One 
the largest chemical engineering concerns the country 
discontinued such practice ten years ago. And certain 
specialized manufacturing plants, sketches are replacing 
pencil drawings for the shop. 
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itated because the symbolets are 
scale, and the resultant drawing 
particularly useful when coordinate 
type punch presses are available 
the shop. 


Layout and Reproduction 
Equipment 


The equipment the drafting 
room and the reproduction facilities 
were especially selected for flexibil- 
ity and accuracy. The layout boards 
are constructed wood, and the Al- 
nico magnets that hold the symbolets 
place are embedded beneath the 
surface. For electrical layouts these 
boards, which measure approximate- 
ft, are covered with plastic 
coated cloth which cross sectional 
lines have been printed. 

The supporting framework for the 
board constructed steel sheet 
and angles, and equipped with 
casters that can rolled from 
the point layout the camera. 
designed, Fig 10, that the board 
can tilted through deg arc 
from horizontal vertical po- 
sition. 

After the layout work has been 
completed, the board tilted 
vertical position and clamped the 


Fig Construction details layout 
tables. The layout board can tilted 
from flat vertical position. 
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Fig Typical symbolet drawings for contactors and relays. These drawings 
then reproduced steel. The one left for mechanical detail. 


camera framework. The board then 
fixed position with respect 
the cameras. 

isolate building vibration dur- 
ing the exposure, the camera frame- 
work mounted rubber pads. 
addition, the layout board clamped 
supporting frame that further 
isolated from the main framework 
two air cylinders. When pressure 
applied these air cylinders, the 
auxiliary frame raises the layout 
board and frees from the table 
carriage. 

Two fixed focus cameras are em- 
ployed, each being box type con- 
structed Textolite, which has high 
thermal stability. Both the forward 
camera, which used photograph 
sections the layout for sheet metal 
layout, and the back camera, which 
equipped with filter remove the 
mechanical details that are printed 
blue the symbolets, can 
rolled from one side the frame- 
work the other. High grade lenses 
are used each. 

The photoflood lighting and the 
length film exposure each are 
controlled automatic timer 
and operated magnetic switches. 
Thus the amount light and expo- 
sure time are uniform for all layouts. 

darkroom available with the 
necessary equipment for developing 
the film and enlarger for making 


the tracing cloth reproductions. 

again automatic timing devices 

utilized the various steps 
tographic processing, and automa 

controls are used the 

essing baths constant temper 

ture 68F. The entire procedu: 
has been standardized and control! 
the extent that not necess: 

for personnel have had 

photographic experience. 

Templets for sheet metal layout 
drawn from projection the lay 
out. precision type enlarger used 
project the templet negatives 
full base size. The equipment suit- 
able for making paper base drilling 
with error in. less over 
the entire area. 

Reproduction the projection 
done draftsman who works 
vertical layout board. The enlarge: 
which equipped with high wat 
tage mercury projection lamp, 
cooled and mounted tracks 
that, proper positioning 
sections the drawing can traced 
(See Fig. for details.) 

Besides being used for the above 
purposes, the photographic principle 
can applied almost any type 
drafting work. The use such meth- 
ods replacement for conventiona! 
drafting procedures well founded, 
acceptable, money-saving process. 
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Engineering 


ESHELMAN, Procedures Analyst, Engineering Staff, Ford Motor Company 


Ways for cutting the excessive volume paperwork associated 


with engineering department operation. Methods for channel- 


ing the flow engineering information more effectively toward 


productive results. Benefits obtainable through method surveys, 


procedures analysis, and forms control. 


ONE HEADACHE all engineers have 
tional grease and grime are rapidly 
fading from the profession. Engineers 
ire being restyled into white 
fice workers. The change can 
the sprawling expansion plants. 
Engineering design departments to- 
lay are often located another 


Paperwork coordinates widely separated company activities. 
Typical the spread modern industry the Engineering 
Center Ford Motor Company: (1) Main engineering 


wat 


building, even another city, 
from that the manufacturing plant. 
Paper bridges the gap. 

Today, the problems engineering 
are complex; the field design in- 
cludes dozens auto- 
motive design for example, the eche- 
lon engineering specialists com- 
prises: Body engineers, engine engi- 
neers, chassis engineers, electrical 
experimental 


engineers, engineers, 


‘ade 


yee 


test transmission engineers. Sup- 
porting them are host others 
concerned with specifications, stand- 
ards, administration, production, re- 
search, electronics, metallurgy, chem- 
istry, and thermodynamics. 

The pipe line from this vast reser- 
and engineering 
know-how into production choked 


voir scientific 
with paper. From sales, service, pur- 
chasing, accounting, inspection, tool- 
ing, manufacturing, and customer 
research streams paper engulf 
engineering executives. It’s time 
someone put the storm warnings. 

the automotive industry new 
design’s trip production wriggles 
through this maze paper: 

Initial order from management 
begin design work, make and test 
prototypes; 

Release experimental design 


building; (2) New engineering building foundations; (3) 
Research and dynamometer building; (4) Body engineering 
building; (5) Test area offices; and (6) Rouge assembly plant. 


= 


te 


is 


4 


information the experimental shop; 

Release preliminary design 
information and preparation pre- 
liminary parts lists; 

Processing requests for design 
revisions from manufacturing, tool- 
ing, experimental and test engineers; 
Release production drawings 
and engineering information; 


Preparation production parts 


Processing requests for design 
changes and manufacturing devia- 
tions; 

Approval sample parts; 

Releases and parts lists for cus- 
tomer options and factory installed 


accessories. 


procedure might that engineers 


assumption 


revel paperwork. Instead most en- 
giners are irritated and hampered 
it. The engineer’s training and 
talents are aimed toward physical 
the designing and producing 
material things. Excessive paper- 
work goes against the grain. 
unusual creative engineer 
concerned with and adminis- 
trative detail. Result: 
procedures often are patchwork af- 


lairs 


Engineering 


This paradox costly. The paper- 
work that consumes much engi- 
neering time and effort receives scant 
consideration organized effort for 
improvement. The function engi- 
neering procedures comparable 
that the conveyor system as- 

embly line. They should transport 
design information the right spot 
the right time. 

Haphazard treatment paperwork 
costs industry millions dollars 
needless waste every year. The evi- 
dence close the nearest file 
cabinet. Offices everywhere are jam- 
med with files stuffed with useless 
information. Antiquated methods and 
outmoded practices hamstring and 
frustrate employees. 

Much can done toward making 
the handling paper more efficient. 

study one firm resulted 
eliminating 1500 out 3000 forms. 
The study revealed that many the 
forms were longer necessary 
that they merely duplicated informa- 
tion found other records. Some 
had continued use for years from 
sheer inertia. redesign many 
forms cut typing costs substantially. 

The same firm devised easy sys- 
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Main drafting room Ford Engineering the largest under one roof the world 


tem control work flow. the end 
the day, personnel are requested 
list the jobs still hanging fire. 
result, potential bottlenecks are 
pinpointed and dealt with before they 
become serious. 

Through the redesign in- 
voice form, company increased 
percent, with corresponding drop 
eyestrain, fatigue and errors. 
preprinting certain items, doing 
away with skip spacing, using 
tab stops best advantage, and 
using one vertical margin avoid 
indentation spacing after carriage 
return was possible save total 
241 keystrokes and carriage 
returns. 

Where methods 
analysis are introduced, engineer- 
ing departments are rewarded witha 
marked improvement clerical effi- 
ciency. one company, the engi- 
neering office learned from detailed 
survey all forms that fifty percent 
them could combined with oth- 
ers, thrown out. Often the original 
use form had been forgotten. 

blueprint and tracing control 
problem that plagues many engineer- 
ing departments how file and 
record thousands drawings that 
their status and location can ob- 


tained instantaneously. One 
aircraft manufacturer installed 
system, using swinging type 
files, solve this problen 
The system operates follows. 

When drawing released en- 
gineering, four-copy Blueprint 
Distribution Sheet prepared. 
copy held control record, 
goes with the drawing order 
for blueprints, and the remaining 
two are sent Blueprint Contro! 
and Tracing Control. 

The Blueprint Control record, 
the Visible Index, gives rapid recap 
the distribution every blueprint 
needed copy, with resultant saving 
reproduction costs. 

The visible index card, which 
single entry typed, made 
and filed when Tracing Control re- 
ceives the Blueprint Distribution 
Sheet. yellow flag slipped over 
the visible edge show that the 
tracing the Blueprint Depart- 
ment. The flag comes off when the 
tracing returned for filing. When 
drawing changes are ordered, trac- 
ings are withdrawn Charge Out 
Slip, which narrow slip paper 
that can filed behind its index 
card. These cards have the right 
corner trimmed off, that either 
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represents objective viewpoint. weighed and this 

once when the file the problem wide chasm often 
pened. drawing out streamlining the chain paper between the way people say job 
cated without delay. the weak links. done and the way they actually 
Drawing change letters and dates Weak links are looked for why facts must dug, sorted 
entered the card from Blue- here are bottlenecks delays; and weighed carefu But the 
print Distribution Sheets. These en- where forms are used excessive concern is: How should the job 


tries provide accurate record quantities; where the variety there simpler and 
the latest completed change and where the way? 
drawing. consumption stationery supplies discover the best and 
Mounted desk stands, the excessive. analytical study method the analyst 
eled frames permit instant access called for when requests are objectives focus 
16,000 tracing records. card new office machines, equipment, These are to: Eliminate; com- 
out little more than devices, special office and filing simplify; improve wherever 
second. Besides savings made analysis made when possible. Can for tep entire 
clerical time and blueprinting costs, forms are reprinted, where yperation eliminated? not, car 


the new system reduced the number off and out-size records forms combined with another? not 

Paperwork problems may involve procedures involving several groups 

forms, methods are points where the help One fruitful field for betterment 


times these problems are obvious 
flat tire; others are difficult 
and even their supervisors often are 
too close details the work 
recognize difficulties. Many people 
are content carry the good 
old way doing things, even 
changing conditions have made their 


required. 

Once problem isolated the first 
step get all the facts. Operating 
personne] are interviewed. Questions 
asked are: What, Where, When, 
Who, How, and Why? 

The most frequent and useful ques- 
tion Why. Why this form, opera- 


tion, procedure necessary? Why 


the wu 


Appare ntiy the belief is common that 


This impression the root 


excess rwork. copies 


practices obsolete. Employees work- method? the search for facts, obviously take the time the 
ing job may lack knowledge analyst uses sleuth’s personnel who deliver, sort 
experience too busy search tion and logic fill the complete finally file them well 


out and install new methods. 
methods and procedures unit 


story. 
After the facts are collected, they 


simple columnar flow chart that clarifies procedure far 


saves the time the engineering personnel concerned, and 
more than pages detailed explanation; addition, 


supplies directions the new inexperienced employees. 


COLUMNAR FLOW CHART ENGINEERING CHANGE PROCEDURE 
PRODUCTION 


ENGINEERING 
CHANGE 
ENGINEERING 
RECORDS GROUP 


AFFECTED DESIGN DEPARTMENT 


ACTIVITY 


CONTR 
(ADMINISTRATIVE 
DEPT) 


CHANGE CHIEF 
ENGINEER 


Analyze Change 
affected 
engineers 
Reject approve 


Change 
Request 
Retain copy 


Record, 
check 
Forword 

4 copies to 


Review, 
approve 
Forword 
4 copies to 


Forward 4 copies t 


File 


File copy cop 
vel copy 


copy to Forward 
each 3 copies to 


If rejected 


Change 
Request to 


Forward 4 


Assign Change 
Number 
and apply 
oll forms 

File 1 copy of 
Change Request, 

copy each 


File copy 
Change Request 
Foreword 
copies 


copies of 


Change Request 
with sketches 
and change 
Study sheets to 


Prepare Prelim- 
inary Change 
Notice (2copies) 
File copy 
Forward copy 


Forward Change 
Notice and 
Distribution 
list to 


Notice repro- 

material 
with drawings 


is weeding out extra copies 
extra copy two can distrib 
uted for additional cost. “Send 
one the boss knows what 
we're doing Bill Jones might 
like a copy too.” 
expensive handling 
| 
surprising number copies 
UCTION 
ADMINISTRATIVE 
DEPT.) 
Analyze for 
drawing revision 
Supervise revi- | 
i ; SION, New draw- | 
Revise 
inary change Reproduce 
Notice 
drawings 
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The Process Analysis Work Sheet 
handy tool when streamlining depa 
ment’s paper handling. This typical 
fore and after” example clearly 
strates how profitably the 
methods can applied 
paperwork when facts are analy, 


Remington Rar 


forms can eliminated sim; 
poll asking, “Do you use the 
you receive this form?” 

One major tool that cuts 
work the methods survey. 
survey includes inventory 
forms, reports and equipment 
department group and stu 
its functions and paper operatio: 
collect necessary basic data 
this type analysis, statement 
duties report requested 
employee the group. 

The methods survey develops 
cific for better 
ization basic elements the offic 
Forms, reports, communication 
equipment, machines, filing systen 
space, procedures and personnel. 

records group might result the 
ommendation for preparation 
lists punched card equipment. 
vantages cited for the -new syste: 
are: Elimination the retyping 
numerous parts lists (or bills 
terials); parts list can 
central location small nun 
ber clerks; and single punc 
card contains all necessary informa- 
tion about each part 
Mechanical sorting, collating and 
printing speeds production the fin- 
ished parts list. This list 
up-to-date all times because re- 
visions require only replacing, 
subtracting few cards 
than remaking the entire list. 
installing the new system, 
study should made the 
new equipment, securing and 
training personnel and 
factors. 

Another basic approach paper- 
work problems through procedure 
analysis supplemented forms con- 
trol. Written procedures are 
indispensable modern engineering 
because they are vital translat- 
ing product design into actual pro- 
duction. They are the concern 
virtually all engineering 

The release engineering infor- 
mation probably the most impor- 
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administrative function. How can 

umerical requirements for models, 
next assembly, effective point for the 
drawing, material stock informa- 
tion best issued? develop the 
best possible solution for any given 
circumstances requires scien- 
tifie study. 

Procedures analysis eliminates 
inconsistencies, and su- 
perfluous records paperwork. 
supplies missing links and the cure 
for ineffective controls. Too frequent- 
clerical personnel are struggling 
the dark without roadmap 
objectives. Published procedures can 
supply directions swelling ranks 
inexperienced clerical workers, 
upon whom engineering departments 
are being forced rely more and 
more for the performance the 
semi-technical jobs the shortage 
trained engineers grows. 

written procedure need not 
long involved. One form well 
adapted engineering the state- 
ment-outline, the various sections 
which present the following: 


Section List forms used the 
procedure identified name and 
number. 

Section II. Definitions peculiar 
ambiguous terms. 

Section III. Statements covering 
policies and principles that apply 
the procedure. 

Section IV. Details the proce- 
dure giving duties operating groups 
according the work flow sequence. 
this section illustrations prop- 
erly completed forms are presented. 

Section Flow Charts the pro- 
cedure depicting graphically the 
work flow outlined the previous 
section. 

expect methods and procedures 
analysis dissipate engineering’s 
tidal wave paper, probably too 
optimistic. Some the modern tools 
and techniques for cutting paper- 
work, nevertheless, can channel the 
flow paper more effectively toward 
productive results and harness its 
potential for destruction and con- 
fusion. 

Frequently the efficiency many 
companies, even those who pride 
themselves progressive policies, 
can improved unburdening 
themselves the dead weight 
muddled procedures that result from 
the lack continuous control 
their paperwork. 


ouTIESs 


Of 


Statement Duties form used collect basic data methods survey. 
Each employee the group required list his statement all forms, 
reports and equipment used him the performance his duties. 


correlation type flow chart, which depicts graphically the work flow, 
facilitates making analysis for improvement existing system. 
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Fig. Draftsman making drawing glass cloth, which dimensionally 
stable material. following step, photo templates the drawing are made 
contact printing anodized dural. These photo templates are used form 
block and router templates. Such drawings permit early production parts. 


Foresight 
That Aids Production 


FRED LAUDAN, Vice President Manufacturing, Boeing Airplane Company 


How engineers can reduce overall cost product 


edge the many small problems that are inherent the 


efficient operation the production department. 


ADDITION visualizing the proce- 
dures and operations associated with 
direct 


much 


manufacture, engineers can 


economies by giving equal consid- 
eration the organization involved 
with the planning, tooling, procur- 
ing and inspecting the parts they 
design. 

Engineering information and draw- 
ings affect many complex operations 
that lead follow manufac- 
ture. The arrangement and content 
portance far more than the pro- 
duction departments. 

Parts should always designed 
for the most economical method 


196 


manufacture whether the part 
subcontracted for made the 
home plant. 

operating any plant efficiently, 
large problems are always present 
that must met squarely and 
solved one way another. 
more importance, however, are the 
countless small problems that are 
too often ignored because none 
backbreaking itself. Like ants and 
termites, however, they keep per- 
sistently eating away organiza- 
tional efficiency. 

promote efficient production, 
engineers must recognize that 
two parts are ever produced exactly 


identical. Cutting edges tools 


Fig. 2—To identify hole sizes, colo: 
coding being added router dri! 
template. This bee: 
sawed from large photo 


wear during each cut, with the 
sult that the edge not only vari 
along the cut. Punches and die 
and deform 
variation parts. Material 
within tolerance limits thicknes 
hardness, and composition. Toler- 
ances, therefore, should 
considered before they are 
parts should not held unnec 
essarily close limits simply 

Tolerances squareness, flatnes 
concentricity and similar variable 
should indicated drawings. Fit 
parts should carefully con- 
sidered; must remembered 
extrusions, plate, bar 
shapes are not received 
mill exactly flat, round straight 
When the design does not 
these commercial tolerances, 
operations are necessary 
such materials closer limits. 

Clearances should always pro- 
vided allow for the cumulative 
effect tolerances. 

Access for equipment installation 
inspection and adjustment essen- 
tial economical production and 
carefully planned and 
provided. 

Access for tools another impor- 
tant factor that affects shop produc- 
This item should given 
primary consideration while design- 


wear 
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airplane. Rivet bucking and 
riving particular operation 
int. Free access for bucking 
rivets tremendously important. 


called for only where good access 

driving heavy rivets with poor ac- 
ess, there the danger damag- 
costly parts the attempt. 

Selection fasteners phase 
design that has extreme effect 
upon manufacturing economy. Each 
fastener has inherent characteristic 
virtues that make particularly 
adaptable to given circumstances. 
Bolts, nuts, nut plates, screws, riv- 
ets, hi-shear rivets, lockbolts, blind 
lockbolts, and blind rivets are all 
available various strengths, head 
tyles, materials, finishes, and sizes. 
proper use, contrasted with 
inappropriate applications, results 
ubstantial savings. 

When designing assembly, 
usually desirable standardize 
much possible the assembly 
processes. Transportation from one 
facility another often takes more 
time and costs more than does the 

tual manufacturing operation. 
article requires some rivets, 
isually better all riveting 
than combine spotwelding with 
any but necessary stop rivets. 
Try visualize the operations in- 
cluding transportation well the 
equence operations. Spotwelding 
nust done before any other as- 
sembly operation installation 
parts such bushings and nut plates 
because the cleaning acids that 
must used prior spotwelding. 
Thus, design consisting mix- 
ture rivets and spotwelds requires 
careful planning sequencing and 
isually should avoided. 

Design for sealing can such 
make manufacturing either easy 
Not many years ago only 
boat bottoms aircraft had 
sealed. The fuel tanks were welded. 
Other components generally 
leaked air and rain. The cockpit en- 
closure windshield that didn’t leak 
was the exception. Now the entire 
iircraft must sealed against air 
pressure from the inside and rain 
from the outside. Other gases and 
liquids that must sealed are 
high pressure high temperature air, 
water, alcohol, gasoline, kerosene, jet 
fuel, fuel vapors, flame, and fuming 
red nitric acid. 

recent innovation the issuance 
engineering isometric draw- 
ings, Fig. the structure sealed 
areas. these the location seal- 
ing compounds shown code 
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markings. This procedure demands 
pre-consideration 
problems the design stage thus 
avoiding many production problems. 
also requires production and tool 
planning consideration areas 
that are sealed during assembly. 

pressure areas, necessary 
only seal joints and seams. the 
construction shown Fig. (A), the 
injection seals will not make con- 
tinuous seal along the seam across 
hollow portion stiffener. fuel 
areas, the problem more difficult 
because the fasteners must sealed 
and the inside the stiffener 
accessible. 

Sketches, notes and illustrations 
drawings assist understanding 
complicated shapes and assemblies 
are invaluable the production de- 
partments. certain sequence 
assembly important and has been 
planned the design, the 
has provided certain access that will 
closed off subsequent installa- 
tion, then these items should indi- 
cated free hand sketches and 
notes. Many hours and errors can 
saved tooling and manufacturing 
when such information given. 

Glass cloth and metal drawings 
which have been developed such 
high degree Boeing, are ideally 
suited economical tooling, produc- 
tion and inspection parts that re- 
quire from one several templates 
Such drawings permit production 
parts much sooner after drawing re- 
lease than dimensioned paper 
drawings. 

When paper drawings are released, 
highly skilled layout men must work 
day after day laying out the engi- 
neering information metal. With 


Fig. 3—Isometric drawing issued 
desirable method sealing seams 


glass cloth and metal 


plicate layout accom] 
and accurately photographic 
means. Since only small percent 
the parts airplane not re- 
quire templates for production, 
obvious that resultant savings 
large. Even for the called “hot 
jobs,” the manufacturing department 
still prefers glass cloth and metal 
drawings because the savings 
calendar time ovet any other method 

Standardization within given 
model and between different models 
certainly promotes production econ- 
omies, therefore, efforts should 
made ascertain careful study 
what parts and accessories can 
identical between various models 
Where many identical parts are used 
two, three even four different 
models, the saving cost and 
procuring these items substan- 
tial. Every reasonable design 
hardware parts. Aside from the 
and effort procuring many 
parts, consider the cost and 
consumed receiving, inspection, 
stocking, shop-delivering and inven- 


tory-control after the parts reach the 
plant Add to these costs the chances 


for inaccurate call-outs that resul 


accumulating supply parts 
stores that may needed. The 
assembly line course, will stop for 


lack some part that never was or- 
dered, or if ordered is unavailable 
because tight market condition 


Most this discussion has been 
concerned with “tremendous trifles’ 


but they are the considerations that 
make either for smooth and efficient 
operation for inefficient, stum- 


bling “start and stop” production line 


engineering show undesirable and 
structural assembly. 


Stiffener 
| | | 


Undesirable 


here 


Injection here 
continuous 


Desirable 
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THE BROAD SUBJECTS job descrip- 
tion and personal characteristics 
technical men are more often than 
not treated separately rather than 
jointly they should be. Both are 
involved the best compromise for 
matching developing individual 
series jobs, and the proper 
balance between the man and his job 
that contributes largely the suc- 
cess dynamic organizations. This 
article deals with basic job specifi- 
cation system and shows how can 
used define various jobs, their 
inherent responsibilities and inter- 
relationships. Though this treatment 
focused its approach, based 
considerations the description 
both individuals and jobs. 


Advantages Descriptive System 


job specification system neither 
simple listing functions and time 
spent thereon, nor rigid organiza- 
tion chart limiting the 
functionally 


occupants 
psychologically. 
good system should part man- 
agement philosophy encourage and 
implement its policies and objectives, 
because helps keep the jobs 
growing framework effective- 
ness. such framework, the sys- 
tem (1) permits description and 
comparison between technical jobs, 
(2) shows organizational relation- 
ships well personal require- 
ments, (3) defines the job the same 
terms those used for describing the 
man, (4) encourages counseling and 
supervisory evaluations, (5) facili- 
tates direct evaluation and statistical 
treatment, and (6) helps recruit- 
ing and training analysis. 


The Engineers’ Society Milwaukee conducted 


among its engineer employee and employer members 
determine their non-technical interests. 

From this survey came the Milwaukee Plan Aptit 
Testing discussed this article. 

The Plan, still professional research project, 

was set develop comprehensive job specification 
system for virtually all engineering jobs, 

and establish effective means for specifying 

the aptitudes, interests and abilities those 

engaged engineering work. 


The Milwaukee Plan 


The prerequisites the 
kee Plan specified that worka 
practical level; broadly ap; 
cable virtually all types 
nical employees and their admir 
trators; that all basic ideas 
agreeable the psychologist, 
gineering educator, industrial 
tive and the professional 
and that the broad terminology 
phases the Plan standardi: 
and readily understood all co: 
cerned. 


Job Specification Form 


The Job Specification Form used 
the Milwaukee Plan simple 
page questionnaire-summary 
can, desired, further 
put punch cards. The first 
pages, Fig. encompass the 
zational relationships and areas 
responsibility, while the third 
summarizes the personal 
ments the job. Though exceptio: 
will encountered, virtually 
technical jobs can sufficiently 


scribed this form for the six prac- 


tical uses listed above. 

The description Fig. starts 
the obvious job title, 
ment and approximate size 
partment involved. Under Item 
there abbreviated summary 
scription the duties and 
dealt with. Items and cover 
general fields activity and the 
ture the work (to give perspecti 


the job description). Items and 
indicate general 


tional and training requirements 
Items 10, and cover the degre: 
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supervision received the applicant for the job. The cri- Professional Aims and De- 


given. Item defines the nature for inclusion each factor velopment. Though these items are 
diversity judgment required practical use each desirable individu 
showing five graded steps. Item they might not actually prerequi- 
defines four graded steps the Table lists individual factors sites for the job. Only the items 
ponsibility imposed, and finally they apply varying de- the job should 
shows four possible types grees technical jobs. Each factor Abilities and Skill 
ntacts made the course described five graded standards This ranges over enormous field 
aptitude ability that are con- technicians’ jobs are 
sistent with the general spread found included. The “sim- 
The basis which the job speci- between both individuals and the and “fine” tools depend the 
ations, patterned interviews under consideration organization making the definition 
ersonal evaluations the Milwau- Some these factors warrant ad- Another tool description might in- 
Plan are built described ditional comment. clude such categories hand tool 
ree general areas. Greatly simpli- Scientific and Engineering machine tools the 
tied, the interests, aptitudes, abilities The field fields specimens work 
job requirements are (1) indicated the adjacent space 
rimarily acquired result technical field involved, the show students and 
jucation training, (2) Prepon- relative importance should indi- these 
rantly Psychological Traits—those cated. Additional detail can shown personal factors the more common 
hat make “personality,” and (3) T-3 Plans, Diagrams and Codes functions engineering, the 
Physical and Manual The type work done should outline Table has been used 
pertain appearance, bearing addition checking the guide. Most engineering jobs in- 
manipulative skills. involved. clude various combinations 
ndividual traits factors each Reliance and The four classifications 
imber kept reasonably small; this item generally considered jobs 
ble measurable; and that each this, great care must ex- 
graded descriptive steps show only the minimum Job comparison title generally 


ent both the job description and for the particular because different 


Preponderantly 
Technical Factor Research tion Sales 


T-1. Scientific and 


engineering know l 

T-2. Mathemat 1-2 

T-3. Plans, diagrams 

and codes q 3 
T-4. Research and 

development 

T-5. Organization 

technical work 2 y 

T-7. Written expre n 2 


Preponderantly Psyct yical Fact 


S-8. Self-reliance and drive 1-2 
S-9. Social intelligence 


~ 
~ 


Sales ability 

S-14. Professional aims 

and development 


reserve? 


Physical and Manual Ab 


P-15. Appearance and bear 
P-16 Manual abilities 

and skills 1-2 


Key: 1—Very important, 2 
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TABLE Technical Traits Within Three Basic Descriptive Areas 


PREPONDERANTLY TECHNICAL FACTORS 


Scientific and Engineering Knowledge The job 
requires 

Carrying through long series varied complex an- 
alyses involving number technical fields. Indicate 
fields 

Carrying through complex analyses one specific field 
Carrying through simple analyses one specific field, 
independently 

Carrying through simple analyses one specific field 
with some technical assistance and guidance 

Interpreting only simple technical facts under close 
supervision. 

T-2. Mathematics The job requires 

Developing complex mathematical formulae from ob- 
served and deduced data 

Applying calculus and higher mathematics assigned 
problems. 

Applying college algebra, analytical geometry, trigo- 
nometry and logarithms. 

high school algebra, geometry, trigonometry 
and logarithms. 

Using arithmetic, percentages, fractions, etc 

T-3. Plans, Drawings, Diagrams and Codes The job 
requires 

Preparing complicated plans, diagrams codes. 

Preparing variety simple plans, diagrams codes 
Interpreting simple plans, diagrams codes for 
action others. 

Understanding simple plans, diagrams codes. 

Little knowledge engineering plans, diagrams 
codes. 

T-4. Research and Development The job requires 

numerous ideas, techniques, and new 
sources information for the original solutions new 
applications various fields 

Establishing experimental procedures developing 
new relations and applications specific field 

Associating new ideas and developments with new 
technical problems 

Using only past experience meeting new technical 
problems 

Little research ability. 

T-5. Organization Technical Work The job requires 
planning and organizing of: 

Complex work assignments for numerous interrelated 
groups. 

Work for numerous unrelated individuals. 

Work for small single group individuals. 

Varied work for own execution. 

None required; routine work only 

T-6. Clarity Expression Speech The job requires: 
Preparing and presenting highly technical subjects 
clearly and conclusively for critical audience. 

Presenting complex ideas clearly and conclusively 
reports conference. 

Speaking extemporaneously and convincingly about 
simple ideas and things every day contacts with cus- 
tomers, associates, etc 

Conveying instructions clearly others 

Meeting only normal conversational requirements 
T-7. Clarity Expression Writing The job requires 
the writing 

Highly technical material for interesting reading. 

Comprehensive reports with sound conclusions for 
basis action 

Technical correspondence with sales representatives, 
customers, etc. 

Informal memoranda and routine reports. 

Job does not require writing abilities 


PREPONDERANTLY PSYCHOLOGICAL FACTORS 


S-8. Self-reliance and Drive The job requires: 
Initiating and following through simultaneously multi- 
ple complex problems with dispatch 

Initiating and carrying through unrelated complex 
projects. 

Following through single complex projects 

Following through simple projects unaided. 

Following through simple projects with assistance 


S-9. Social Intelligence and Tact The job requires: 

Recognizing and reconciling divergent view points 

group working under difficult circumstances. 

Ability maintain good personality relationship 

everyday job relations. 

Recognizing social relationships and problems 

oneself and other individuals. 

Recognizing social relationships and reconciling 

situations between two other individuals 

Little personal skill required 

S-10. Emotional Stability The job requires: 

Great stability addition requires the ability 

maintain and encourage stability others. 

Great stability coping with emotional stress 

under pressure work 

Stability when under more than usual pressure 

pedite work. 

Stability when under occasional heavy demands 

work load. 

Stability routine work with little persona 

stress involved 

S-11. Dependability Scientific and Engineering Work 
The job requires thoroughness and accuracy 

All work submitted supervised including that 

complex relations new technical areas. 

Complex analyses and calculations relatively fam 

liar field. 

Simple analyses and results 

Simple formulae and results. 

responsibility for accuracy. 

S-12. Leadership Work Direction The job requires 

giving: 

Inspiring leadership groups variety activitie 

which effective through two subordinate levels 

pervision. 

Inspiring leadership and coordination simple activi 

ties which effective through one subordinate level 

supervision 

Direct leadership for small groups. 

Leadership occasions only when requested 

leadership. 

Sales Ability and Interest The job requires 

to interest and convince: 

Numerous people with varied interests about new idea 

and things. 

Small groups people with varied interests about new 

ideas and things. 

Individuals about ideas. 

Individuals things. 

Does not require ability influence people. 

S-14. Professional Aims and The job 

quires consistent interest in and: 

Contributing time and effort community and civic 

interests. 

Contributing time and effort advancing sciences 

engineering profession. 

Improving self culturally, some subject, through 

definite program. 

Developing self technically for present next job. 

Devoting little effort technical self-improve 

ment. 


PHYSICAL AND MANUAL ABILITIES 


M-15. Appearance and Bearing The job requires: 

Appearing confident and poised difficult situations 
Ready acceptance strangers for appearance and 
bearing. 

Acceptance associates respect appearances and 
bearing. 

Appearance not factor. 

Appearance not applicable. 

M-16. Manual Abilities and Skills The job requires: 

Great manual skill with fine tools and equipment 
conjunction with good sense proportion and creative 
imagination. 

Good manual skill with fine tools and equipment with 
good sense proportion. 

Good skill with variety simple tools and 
equipment. 

Fair skill with simple tools and equipment 

Little manual dexterity. (Indicate tools and type 
equipment used: 
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panies both the concept and actual 
job may quite different. one 
the title Chief Engineer 
might carry responsibilities compar- 
able Vice President; another 
might those Chief Designer. 
Similarly, Sales job 
radio component parts 
turer would quite different than 
that Sales Engineer for capital 
goods manufacturer. Actually, job 
titles are not too important long 
the job content known and gener- 


ally treated consistent manner. 
Growing Individuals 


Individuals jobs should grow 
and develop for, unless they do, 
are merely suited for routine work. 
recognizing this development, 
desirable that cognizance taken 
particular areas channels 
development. accomplish this, 
clear understanding job require- 
ments and the natural sequence 
jobs invaluable. 

individual who can “just do” 
particular job will only medi- 
ocre its performance because 
already demands his utmost. Not un- 
til can more than the job de- 
mands will success. there- 
fore follows that man should 
better than his job grow 
into another one. job descriptions 
are simple terms, can compare 
his ability the job requirements; 
well his supervisor will 
better positions recognize and 
overcome shortcomings and take 
the greatest advantages strong 
points. The use personal job fac- 
tors permits this and, 
presented, will greatly encourage 
such comparison 

Most individuals working tech- 
nical jobs are inclined analyti- 
cal about things that can readily 
measured determined. However, 
when comes animate things and 
especially themselves, yard-sticks 
and slide rules lose their significance. 
these cases, the personal descrip- 
tive factors have great comparative 
value. For example, man can 
write only “informal memoranda and 
routine reports” under T-7) and 
the job requires the writing 
prehensive reports with sound con- 
clusions for basis under 
T-7), obvious that shortcom- 
ing present. This common knowl- 
edge can challenge both the 
man and his supervisor. 
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This type analytical treatment 
desired instead the too-fre- 


pretty good,” not hot.” 


quently-heard comments 


Generally, such comments are cover- 
ups for poor fit man job 
poor understanding the job 


requirements 
Use the Form 


Numerous supervisors the de- 
velopment and 
ments eight 


I 
t 


industrial companies 


engineering depart- 
the larger technical 

Milwaukee 
cooperated the development the 
Plan. Few these supervisors had 
previous detailed experience with 
personnel evaluations and job de- 
scriptions. Yet, was their general 
experience that the use common 
descriptive factors for both personnel 
and their jobs gave them new per- 
spective and understanding both 
individuals and jobs. some cases, 
this was gratefully recognized the 
men supervised. 

factors for student counseling, the 
Job Specification Form been 
used technical schools analyze 
the job requirements industry for 
which they have been preparing their 
students. This assistance the 
teaching staff for curricular evalua- 
tion. The same information also gives 
the students better understanding 
the various jobs. 

interesting example the use 
the Job Specification Form fol- 
lowed discussion with the head 
large Quality Control Section 
one the armed forces. The diffi- 
culty outlined was adequately de- 
scribing jobs long detailed writ- 
ten description; yet, show less 
detail appeared give insufficient 
information. addition, engineers 
could not interested the type 
jobs described the salaries offered. 

test, the detailed, single- 
spaced, five-page description 
“quality control engineer (electron- 
and the Job Specification Form 
were given quality control su- 
pervisor. Without instruction was 
asked transcribe the detailed de- 
scription onto the Form. min- 
utes the job was relatively complete 
and the supervisor reported 
easy!” 

transcribing the description 
the ESM Form, found possible 
take only one paragraph verbatim 
and place under Item Fig 


adapted itsell with checks or 


to the Forr 


revealed the need for informatior 


that had not been covered the very 


much longer descr ptior 

One the conclusions ing 
this experience was that the jol 
could be perforn ed quite satisfac - 


ily technician. The talents and 
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WHAT 


Incentive management means 
giving the opportunity and spur 
the individual that will de- 
velop his latent abilities. 

The development higher 
standard living must made 
replacing the present skills and 
abilities new ones that will make 
our present production methods out 
date. This perhaps would seem 
impossible now the unthinking. 
However, the newer and better 
methods will obvious when 
develop them. industry, that 
the incentive and virtue the 
free competitive system which has 


now value liberty very little. 
have developed philosophy 
which shuns individual responsibil- 
ity. Looking ahead lost art for 
many people. Many American 
concludes that has hot dog 
his hand, shot liquor under 
his belt and gas his 
car, free from responsibility. 


The production bonus system 
the Lincoln Electric Com- 
pany applies not only the 
shop but the engineering 
department 

The following recorded inter- 
view gives the reactions 
George Landis, Vice President 
Stringham, Chief Engineer, 


the system. 


JAMES 


any these things missing, 
feels that government should take 
steps supply it. Perhaps this 
natural development prosperous 
people. 

player amateur game see 
tries. There doubt will 
try. Likewise, industry under in- 
centive management, all try. Many 
overhead jobs, therefore, such 
many foremen, inspectors and clerks 
are needless, since the desire pro- 
duce top speed and accuracy 
inherent all involved 
not need watched. 


The threat losing his job makes 
worker keen protect himself 
that his job secure; however, 
this security obtained develop- 
ing his own perfection. This perfec- 
tion, however, endangers the job 
the less perfect worker, and 
must our economy grow. 
may not like the threat, but 
must meet progress stops, and 
with this progress, the na- 


many people believe? this in- 
centive really effective increasing 
the quality and the quantity en- 
gineering output? 


Stringham man doesn’t have 
enough money the things that 
have properly 
clothe and feed his family, the most 
potent incentive can find mon- 


enough money 


ey. But he, for all practical pur- 
poses have any wants, then 
money incentive its ef- 
fectiveness. For example, at- 
tempted double the pay every 
person here but took away the two 
week vacation period, doubt that 
could sell it. 


are the mechanics 
determining man’s merit rating? 


LINCOLN SAYS 


tion loses its place the 
Then men back savagery 
extinction. either forward 
back. can’t stand still. 

The proportion workers 
dustry continually increasing 
efficiency production increases. 
The only time when jobs disappear 
industry when progress not 
made efficiency that 
sively lower prices can given 
the consumer can buy pro- 
gressively higher standard living. 

His own security attainable 
reward for which any normal man 
can and must responsible. 
try make gift guarantee 
the state, the normal incentive 
all must have grow will disap 
pear, When that happens, the nation 
disappears with it, all history 
fully shows. 

Russia has system incentive 
that different. She rewards the 
efficient with better housing, better 
better facilities all kinds. 


has 
ence 
perhay 


The 
would 
mer 
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possib 
the 
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mer 
are 
shoes 
The 


made 


ntives 


The actual mechanic: 
merit rating are difficult de- 


they 


changing. 


how about the basic prin- 
ciples involved. 


Stringham The first thing un- 
derstand where merit rating fits 
into the overall system compensa- 
tion. have base pay which 
established job evaluation 
some other job potential rating sys- 
tem. this added the year end 
bonus. Merit rating used de- 
termining the relation 
base pay his share the total 
bonus. The total bonus for the com- 
pany determined the success 
the operation for the year and 
merit rating used measure 
person’s cooperative effort within 
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Russia the laggard put- 
ting him prison camp which 
has less food and more interfer- 
ence with his personal freedom and 
perhaps death. There doubt 
the reality and direction 
incentive. 

The one most important point 
remembered that one 
would ever have become swim- 
mer were not water 
sufficient depth make swimming 
possible and perhaps necessary. 
the problem had never been put 
the individual would never have 
solved it. was latent swimmer 
always. became actual swim- 
mer only because conditions that 
forced him swim. Latent abilities 
are like clay can mud the 
shoes, brick building stat- 
that will inspire all who see it. 
The clay the same. The result 
dependent how used. 

There frequently the comment 
made the thoughtless that high 
production, such usual with 


ngineers 


department towards producing 
that bonus. 

For merit rating, each person 
ated against standards job per- 
mined average performance. For ex- 
imple, may rated efficiency 
either excellent, good, acceptable, fair 

poor,, without regard which 
these standards might turn 
the average for the de- 
partment. 

Each person rated as- 
signed set cards which 
described briefly seven standards 

performance. There card 
‘or each merit rating factor. The 
standard which best describes the 
performance the man being rated 
checked the person rating 
that finally each person ends 
vith set cards marked accord- 
ing his performance. using 
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INCENTIVE 


—— 


incentive management, must mean 
that the workers involved will wear 
themselves out short time. 
Union leadership continually harps 
“sweating” the worker the 
“speed-up” that they claim results 
from incentive. What the relative 
length life worker and 
loafer? work shortens life, then 
loafing must lengthen it. The facts 
show the direct opposite. How long 
does worker live after retirement? 
How good his health stops 
work and loafs? Ask any man who 
has had experience. 

The greatest waste that can 
imagined, far greater than any ma- 
terial waste, the waste man. 
Undeveloped man will always 
far greater loss the economy than 
any material loss, matter how 
serious that loss may be. 


Incentive management not 
so-called efficiency scheme alone. 
philosophy life and produc- 
tion that develops new aspirations 
and usefulness all affected it. 


standard description job perform- 
ance against which actual perform- 
ance checked, effect rate 
each person in comparison with 
others doing similar work. 

you actually assign points 
each individual? 


Landis After all ratings are made, 
the cards for given department are 
lined that from the check 
marks average for the group can 
determined. Points are then as- 
signed all ratings according 
where the average falls. 

This system rating without first 
assigning points permits the aver- 
group improves falls off. Thus 
man could the same job did 
the previous year and yet receive 
lower rating because the perform- 
ance level his department has 
improved and the “average” per- 
formance higher level. Simi- 
larly the general perform- 
ance the whole company rises 
falls, person’s individual bonus 
could rise fall regardless 


not approach from any other 
point view. Incentive not 
way get the worker more 
get him play the game in- 
dustry member the econom- 
team that has made America 
greater than any other nation, eco- 
nomically. Incentive also opens 
way toward fuller realization the 
American dream and the promise 
fuller, richer, happier, better 
life for all mankind. 


Eventually, the strong and virile 
will replace the weak and lazy. The 
problem that America must 
solve make sure sych replace- 
more virile nation which has al- 
lowed natural competition deter- 
mine the winners and losers the 
game life and industry will take 
over. 


*Mr. Lincoln’s new book, Incentive 
Management, available from The 
Lincoln Electric Company, Cleve- 
land 17, Ohio Price $1.00. 


whether not his merit rating was 
the same previous years 

After rating points have been as- 
igned for all factors, final figure, 
the sum all factors, assigned 
each man for his merit rating 
This figure along with other recom- 
mendations for special consideration 
are sent Mr. Lincoln for deter- 
mining the bonus. The man with 
average rating will receive 
average bonus. Last year the total 
bonus divided was 104 per cent 


the total payroll for the year. 


sponsibility changes during the year, 


job re- 


and until gaining the necessary ex- 
perience, less proficient than 


his old job. 


Landis—He may get less money 
because of that fact. although even- 
tually will get more. doesn't 
mean that he’s going down hill. 
simply means that playing for 
long gain rather than for im- 


mediate gain. 


PE Arent the things that the en- 


gineering department does much 
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(Landis) Amount bonus determined part merit rating based 
initiative, efficiency, and accuracy. From that rating, each man can find out his 
strong points and weaknesses. general rule, the causes low rating when 
spotted and explained are recognized the man and will try correct them. 


more intangible than the things that 
the production department does? 

Stringham —If you accept the fact 
that you can set salaries for peo- 
ple whose returns 
and that’s true any professional 
man fact that 
set salary which 
commensurate with the value that 


man compared the value some 


you accept the 


you can 


1an who piece work rates 


then 


a lar as 


you have further difficulty 
merit rating concerned. 

might interest you know that 
each man knows what rating has 
been given. doesn’t know what 
other people got, but does know 
what got, and knows the av- 
erage 100 too. 
verage job I don't say that’s 


—he just did his job. 


adequate got rate higher 


than 100, that would indicate that 
he did ore than wa expected 
PI Do ar o! our engineers ever 
and show any resentment? 
Landis Well, there are yme who 
don't understand why they were 
ited a they were ind that’s one 
Oo the reasons tor tne S\ te We 
hope that they will come in. 
disappointed they Usu- 
ally this results some change 
either quality work or, some 


better recognition the 


quirements thei: 


own job It's 


very important from that standpoint 


It 1t just a gripe that you salve 
"h- 

over and make man happy. That 

destroying the value the 


knows that 


system. man and 
don’t understand why 
got per cent merit rating. 
Particularly, don’t see why you 
sent 


comes in, 


home wife saw it.” 
You tell him why, and the course 
that conversation you should find 
something that would value 
getting that man point where 
can get 100 per cent more. 

You might uncover something that 
shows he’s the wrong job. 
may doing something he’s not 
fitted for all, and should 


transferred. The point that there 
should 


and 


some correction made, 
there correction made 
result that complaint, then 


the system worked. 


lump sum payment the end 
the year? What advantage does 
have over better salary the 
course months? 


Landis 


Well, there are two things 
about it. 


One 
lump sum means more man 
than increase salary. There are 
lot men around here who have 
bought homes, 


farms, parts 
businesses. They would never have 
found enough capital one time 
monthly increase. 

Furthermore, large fluctuation 
salary from year year based 
impractical. would hate 
man high salary this 
medium salary next year 
and low salary the next year 
have his salary from year year 


vary and down. People normally 


(Landis) management impresses 
man that his work important and 
his talents are needed, has done 
much create satisfied employee. 


have certain scales 
maintain. 


living 


Stringham —It incentive 
everybody everything can 
see that the profit the 
stays up, because knows that 
the profits drop, the bonus goin 
drop too. 

Finally, company never can 
salaries amount equal what 
can pay salaries and bonu 
cannot through the agony 
cutting salaries because profits 
down. 


other words, your margi 
here between total pay and profit 
much narrower. 


Stringham can pay outstand- 
ing men more nearly what lik: 
pay them without fear that 
going bad effect due 

decreased payment next year. 
had cut the bonus dow 
derstood it. Nobody was hurt 
and there was adverse 
it. But had cut 

which might have been 
have had something liv: 
with. The average person can 

derstand cut bonus. 


Landis And furthermore, 
have geared his living pretty clos 
his take-home pay. is, 
can use bonus for sizeable 
maybe better car. Maybe other- 
wise would dissipated 
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(Stringham) When man have 
enough money the things 


should do, his most potent incentive 
money but not panacea. 


expenditures that would have 
permanent value. 


you use any incentives 
ther than money? 


Stringham Money cannot used 
the only incentive. It’s good only 
point. Let’s say, however, 
that believe extremely impor- 
tant recognize accomplishment. 
one thing which Mr. Lin- 
coln has done bonus time that 
know has some effect. the time 
the bonus delivered, picks out 
several men who work directly for 
him, and points out that for that 
particular year done out- 
standing job. Then each department 
will pick out man and Mr. Lincoln 
will personally call that man 
give him his bonus check. Normally 
the big envelope given de- 
partment head and passes out 
each check, but these particular 
cases, there special recognition for 
outstanding work. 


PE — Do you also offer an engineer 
incentive terms patent roy- 
alties? 
Landis sir. Any patents which 
are taken out an_ 
name are turned over the com- 
pany. Engineers spend the com- 
money and they’re paid 
it, why should they have any 
patent royalty rights? Any patents 
which are taken out the request 
the company, are paid for the 
company and become the property 
the company for $1.00. 
that’s the only logical thing do. 
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(Landis) you can set salary lev- 
els for employees 
tions are intangible, you also can es- 
tablish bonus system covering them. 


you give man any kind 
recognition after he’s had, 
say patents? you give 
him pat the back any way? 


Landis Well, not for that, no. But 
that would show income and 
bonus, and course would show 
pany. 


you offer him the oppor- 
tunity further his education 
any way? 
Stringham here probably 
city the country 
easier than the city Cleve- 
land. takes the initiative 


You pay half his tui- 
tion, or 


Stringham No. 


way? 
courage such. tell our peo- 
ple that particular type 
work, they must fulfill certain mini- 
mum educational requirements. 


about society meetings 
and activities that sort. you 
encourage membership certain 
societies and ask that your engi- 


neers get meetings? 


societies they belong they belong 
their own. But point out 
that technical meetings provide 


(Stringham) company can afford 
pay salary what can pay salary 
plus bonus. There would too much 
fluctuation man’s pay. 


excellent opportunity keep abreast 

] on) and bv taking 
sional peopie, and Dy taking an ac- 


tive part affairs, learn how 


get across an idea 


ing education is that there Is n 
enough empha placed ettiz 

along with people 


tion of financial incentive 


Landis One the biggest incen- 
tives and speaking about ens 
neering primarily, although 

t applies generally I 
to Know that the thi ne dou 

Try in iSé he ? tr 4 
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engineering, least, nece 
lor the engineer to do a t ‘ 
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for its performance. 

engineers respt t 
equipment trom design operation 
trouble develops the field, 
nrovect ner ty hter 
projec engine mu alg I 


equipment through the shop 
actually sees how 
using 

the mos mport t I 
nition job well 


our case, incentive 


has permitted buil 


product, lower cost, and pay 
our employees much 


scale direct proportion thei 


contributions the welf 


company. 
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For the next several years the supply engineering graduates will fall 
far short requirements. Here some practical advice from college 


placement director methods 


for Employment 


THE CHANCES ARE that the eager, ma- 
ture looking, brief case clutching 
individual seen large numbers 
the campuses today longer 
left over G.I. trying catch witha 
delayed education, but industrial 
recruiter searching for technical and 
scientific personne] 

time when the competition for 
such men has reached unprece- 
dented high, personnel departments 
are confronted with problem that 
keeps them late night trying 
devise ways and which 
they can outsmart their competitors 
and win favorable nod from the 
young graduates. Meanwhile, sitting 
comfortably secure his pedestal 
desirability, the embryonic scientist 
engineer looks calmly down the 
troubled crowd and realizes that 
whichever direction descends, op- 
portunity awaits him. 

Amazing this situation is, 
predicted that will continue for the 
next several years. One has only 
study the enrollment figures col- 
leges and universities throughout the 
country realize what effect the low 
birth rate the depression thirties, 
coupled with the compulsion mili- 
tary service, will have the num- 
bers graduates who can possibly 
become available for employment. 

For example, 1950, approxi- 


206 


LILYAN BRADSHAW, 


Placement Director, College Engineering, Ohio State University 


mately 52,000 engineering students 
were graduated; most the G.I.’s 
finished that year. Shortly after, the 
Bureau Labor Statistics put out 
report that there was glut engi- 
neers, and this had appreciable 
influence high counselors, 
who did not advise their students 
major engineering and science. 
1951, the number graduates 
these curricula dropped 38,000 and 
the figure for 1952 was approximately 
26,000. 1953, the graduates will 
number 17,000; 1954 the number 
will not any greater. 
requirements are the order 
30,000 annually, and 1954, 
estimated that they will nearer 
36,000 engineers per year. 

There are certain areas engi- 
neering which the need greater 
than others. really topnotch Me- 
chanical Engineer can obtain offer 
from practically any company 
cares interview. Chemists and 
Chemical Engineers are heavily 
sought after industries which 
their training adapted. Electricals, 
Metallurgists and Physicists are en- 
joying the flush competition. 

Aeronauticals are not only de- 
mand the booming aircraft indus- 
tries, but are being fitted other 
spots where their basic knowledge 
can viewed fundamental. Weld- 


ing Engineers are scarce that thei: 
services are valued figures 
normal times are attained 
after many years effort, and ever) 
production industry has welcom: 
sign out for Industrial Engineer: 
Indeed, few companies these days 
wait for engineers come them 
they the graduates. 


Campus Recruitment 


Campus recruitment not 
experience for many the old 
companies who realized years 
the wisdom taking their personne! 
needs the classroom door and se- 
lecting young graduates where 
assistance the professors could 
weighed their consideration. 
this means such industries built 
chain information and interest 
that carried from class class 
their recurring visits were made. 
consequence, such recruiters have 
far easier time attracting senior 
students into the interview room than 
the company who never before set 
foot campus and whose name 
unknown the youthful graduate 

But for the first time, many con- 
cerns both large and small, are un- 
able wait for the nervous rap 
the door the young applicant. This 
fact quite naturally leads in- 
vestigation procedure and the en- 
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Table Code Ethics for Interviewing 


Responsibility Industry 


Contact the colleges for interview dates 
east two weeks advance visit. 

Notify students interviewed within two 
weeks, offering them jobs, declining their appli- 

tions, explaining that they still are under 

Give the student complete picture 
possible the company. 

Supply the college placement office with 
decriptions and specifications job 
penings. 

Visit the colleges regularly, lean years 
well good years. 

Consider the college academic schedule 
planning visits. 

Keep the placement office informed all 
contacts about employment with students 
and professors. 

Hold schedule visits. 

Refrain from asking engineering schools 
include courses special benefit certain 
companies. 


lightening knowledge that, with few 
exceptions, all colleges and universi- 
ties today afford some type place- 
ment service. 

Designated individuals the var- 
ious institutions have been charged 
with the responsibility establish- 
ing means bringing new gradu- 
ates and industries together. Systems 
vary some extent but for the most 
part fall into similar pattern. Early 
the senior year technical and 
scientific students are lectured 
what the general employment picture 
for the year is. They are counseled 
how prepare for interview, 
what glean from such contacts, the 
ethics dealing with representatives 
through correspondence, plant visits, 
and other fundamentals. They are 
advised matters professional 
examinations and other related sub- 
jects. And finally the details mak- 
ing and keeping appointments with 
recruiters are emphasized. 

Informational folders pertinent 
the current year’s graduates are usu- 
ally prepared advance the 
schools, and sent out early the fall 
those companies who maintain 
regular contact. this connection 
extremely desirable for the indus- 
tries assign the same representa- 
tives specific area year after year 
that the working liaison can 
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Responsibility Colleges 


Inform industry early possible each 
year approximate number graduating stu 
dents courses. 


Encourage students consider number 
d.fferent employment possibilities and 
courage each recruiter give the students 

dequate picture his company. 


Provide quiet, private space for the inter 
views 


Work improve the college guidance 
program. 


Arrange opportunities for company recruit 
ers talk with college faculty members 


Make school records available conve 
nient form. 


Select students from various programs for 
companies wishing several types applicants. 


Responsibility Students 


pa 


rep 


co 


ce 


prior the 
resentative 


th 


e 


interview with the company 


Meet the interviewer promptly and answer 


correspon 


5 
Mm 


pan 


Stop scheduling new interviews after 
the offer one company 


dence nroamnt! 
gence promptly 


pti 


Notify other companies after accepting 


the offer one company 


thus accommodating other students, well 


Fill out company forms carefully 
Accept offer promptly possible 


das 


the company concerned 


Keep the placement office advised 


negotiations 


Maintain 


times 


ah 


Recognize that getting 
ead job are 


cnon 


dividual 


*Adapted from an article in the Journal of Engineering Education, Vol. 39, No. 7, March 


built basis mutual under- 
standing. 

While the placement officers are 
busy the academic side, the per- 
sonnel departments the various 
industries are developing itineraries 
for their representatives whose first 
move establish dates convenient 
the academic schedule. The biggest 
factor involved smoothly run 
placement operation timing. Rep- 
resentatives who outline their plans 
fully advance, arrive time, and 
keep their interviews schedule 
are delight have campus. 
Group meetings, immediately pre- 
ceding individual appointments be- 
tween applicants and company rep- 
resentatives, are common practice 
some schools and untenable one 
others. Wise recruiters acquaint 
themselves with the limitations the 
schools and adjust accordingly. 

New companies going into the field 
for the first time during this high 
pressure have rough row 
hoe. There magic formula 


which they can make for those lost 


years when their competitors and the 
academic officials were sitting down 
together evolving the present col- 
lege-industry relationship. Within 
the brief span time since the 
start the second world war place- 
ment officials and industries from all 


over the have organized 


themselves into regional groups and 


country 


met discuss mutual problems and 
develop effective methods opera- 
tion. code ethics for interview- 
ing procedure Table was estab- 
lished selected committee under 
the guidance the American 
for Engineering Education. Publica- 
tions informational nature such 
“Journal College Placement” 
are jointly read the academic 
well industrial people. 

Certainly, however, companies new 
the college recruitment scene, are 
welcome avail themselves 
campus facilities the same those 
who have been perennial visitors for 
some years past. They will find the 
competition keen and the student re- 
sponse rather small until they have 
developed reputation for having 
work opportunity that the technical 
graduate especially wants. The best 
publicity any company can have 
campus the enthusiastic good will 
its young 
alumni. 


employees who are 


Basic Appeals Graduates 


The chief concern every recruiter 
today summed the question, 
can approach technical grad- 
uates such way that company 
will attract them the point ac- 


at 
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cepting offer?” Money not the 
determining factor starting rates 
have assumed range within which 
limits practically all industries re- 
main. Though higher than they have 
ever been history they are still 
level throughout the United States, 
Table Naturally, young grad- 
uate willing cast his lot with 
industry whose offers fall short 
that range. 

Neither, the other hand, does 
consider salary the only factor. 
company whose offer materially 
higher than other concerns will 
looked upon with suspicion the 
basis that high starting salary 
the only thing that can offer. 

Seniors engineering and science 
have been bombarded with indus- 
trial pamphlets and publicity schemes 
that the best advertising minds have 
been able devise. These are 
numerous that they are not always 
given more than fleeting glance. 
Elaborate colored movies plant and 
laboratory operations are offered 
the score—but their campus show- 
ing attracts only small audience: 
matter fact, many concerns have 
turned their efforts these direc- 
tions toward the junior and senior 
high schools, with the long range ob- 
jective convincing students 
these levels the advantages 
scientific education. 

This apparent indifference does not 
derive from apathy but rather from 
remembered that students are still 
the “school boy” stage where daily 
class assignments and the stern de- 
mands professors must met be- 
fore they are eligible for degree. 

What then the best approach 
follow? The true answer lies within 
the framework the following facts 
Some years back, pre-war 
exact, the popular youthful desire 
upon graduation was seek fame 
and fortune far places. The more 
distant from home and family the 
more excitingly attractive. those 
days young person’s travels had 
usually been limited. The restrictive 
bounds the home town and paren- 
tal influence were something 
shunned. man was single, ambi- 
tious and raring for the great chal- 
lenge the industrial world offered. 
had knock doors and walk 
the streets before could interest 
employer his abilities was 
willing so— and usually valued 
the first pay check all the more when 
finally touched his hand. 
expect too much first except the 

chance make start. 

Contrast all that with the young 
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graduate today, who has either 
already seen threatened with 
necessity seeing, some the world 
via military service. many in- 
stances married and often times 
father one more children. 
has deep sense appreciation for 
his home ties and does not want 
moved about. Even his home af- 
fects him with certain nostalgic 
longing. knows that opportunity 
abounds all sides begins 
analyze his values and make his de- 
cisions with these mind. His desire 
earn good living near his family 
putable. 

course, none today’s gradu- 
ates fail recognize the necessity 
going other localities obtain 
opportunities. Training courses, com- 
pany reputation, chances for ad- 
vancement all have distinct bearing 
their decisions but they are 
longer the entire basis choice. 
wise recruiter recognizes and em- 
phasizes the home element much 
the industrial. the prospect 
married would well meet, 
least find out something about the 
wife’s wishes for her husband. Wives 
and sweethearts are helping de- 
cide most important questions these 
days. only natural when one 
views the picture confused young 
man sorting through desk full 
offers (six twenty per graduate) 
trying decide where begin. 
one engineer expressed it: wish 
someone would hit over the head 
and make mind for me.” 

There definite art good re- 
cruiting times like these well 
any other season. Nothing irri- 
tates applicant more than 
“talked without chance say 
point third degree without 
chance hear something the com- 
pany and its policies. accomplish 
two-fold give and take twenty 
thirty minute interview period 
and keep such routine through- 
out entire day terrific pro- 
gram. Companies, therefore, should 


Table Approximate Starting 
Salaries for Engineering Graduates 
1948 1952 


Starting Salary, dollars/month 


Year 

Medium Average Range 
1948 $250 $228 $225-350 
1949 260 256 250-350 
1950 260 262 250-350 
1951 300 308 275-375 
1952 340 322 300-400 


select, train, and guide most 
fully those representatives who 
sume such duties. The impression 
student gains company throu 
interviewer will often last life- 
time. 

Straight forward, honest factu 
dealing both during the time 
campus well further cor- 
respondence plant visitation 
the utmost importance. Many com- 
panies lost out this year because 
allowed too long time lag 
the original contact and the follow 
date. “On the spot” offers are 
always advisable (few companies 
practice this system) but silenc 
where interest has really been stin 
ulated, usually costly. 


Absolute honesty outlining fu- 
ture opportunity most essential. 
young graduate who awakens 
his initial work period the reali- 
zation that has been sold 
bill goods soon spreads the word 
back his campus and makes fur- 
ther contact difficult. 
should never afraid 
the work aspect his offering. 
one student remarked after inter- 
view was under the impression 
that company wanted men 
work. All the recruiter talked about 
was the fine golf course, vacation 
time, and sick leave could expect 
looking for job, not 
loaf.” 

Not all companies maintain larg 
personnel staffs and are therefor 
limited their means 
many such instances their top offi 
cials district office personnel dro; 
into placement offices seek 
the current group graduates 
relation their needs. the 
has data sheets (as most 
them do) their senior students 
the representative quite often find 
profitable select those 
interests and degree tie best wit! 
his proposition and send them per 
sonal letters asking for 
the home plant. Such invitation 
sometimes state willingness 
travel expenses while others, th« 
home nearby, are mere- 
request for him drop wher 
next the vicinity. 

Another first step 
graduates have the school post 
“notice need” which brie! 
statement appears 
company and suggesting that ap- 
plication blank and further informa- 
tion obtained the placement 
Some favorable results 
realized through this 
though they are usually quite limited 

Ads college dailies monthly 
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Table Suggestions Industry Procedures 
and Methods Contacting Colleges 


Maintain regular contact with the colleges where recruiting conducted. 


Select carefully and train thoroughly the representatives who the campuses. 


Acquaint them with “The Code Ethics for Interviewing 
Teach them how conduct concise “give and interview. 


Establish good working liaison between placement offices and industry that each 
will have respect for the problems and limitations. 


not make unreasonable demands placement office such full time 
attention the staff, additional interview space after arrival, etc. 


Make clear preliminary correspondence 
Types graduates wanted 


Length interview period desired 


Time arrival and departure 


Any special arrangement peculiar your needs, such group meetings, 
distribution application forms company 


Observe absolute honesty dealing with applicants 


explaining beginning assignment work and future opportunity for 


advancement 


meeting all agreements made during interview such date follow-up 


letter date for plant visit 


taking into account home life and being realistic about 
relation the demands the company’s program. 


Participate regional placement meetings that established policies school and 
industry relationships may fully known and observed. 


receive 
Several trade publications designed 
for the express purpose presenting 
industrial opportunities technical 
graduates are being widely circu- 
lated, but net the companies who pay 
for them only feeble returns. 

Technical graduates these days 
cannot cajoled nor coerced into 
job selection through fancy ap- 
proaches. spite the flattering 
attention and smug knowledge that 
they are highly prized there well 
poised brain most them that 
continues seek out facts and 
truths. the very nature their 
academic training they have been 
taught weigh carefully and ana- 
lyze accurately before giving 
answer. 


After Employment Then What 


Once graduate has accepted 
offer and started his first position 
moments frustration and disap- 
pointment. The first year work, 
just the first year marriage, 
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period adjustment from which 
one can escape. Even though taste 
industry has previously been ex- 
perienced through summer employ- 
ment year financial shortage 
there still something different 
about being “launched” for the real 
test. Companies would wise re- 
member the quotation “Young men 
dream dreams and old men see vi- 
sions.” Reality never like the 
dream but certain compensating 
balance can often reached. 
Perhaps the greatest mistake in- 
dustry makes with young employees 
give the impression forgetting 
them. Nothing dispels their confi- 
dence more quickly than given 
unimportant assignment and left 
alone too long. The majority alum- 
their first year two complain 
only “not getting anywhere” 
being used way for which 
their education has equipped them.” 
regular review man’s progress 
company during his early years 
the best safety device possible. 
Many times the mere chance sit 


and reveal that the excess 

steam Was causing all the dilmicuilty 
'T} 4 

anyway. Those placement work 

experience such explosions 

part alumni Gally and 

high percentage cases the gradu- 


ate returns his employer 

Discontent with the first job today 
quite often stimulated the fam- 
ily man. Where wife fails 
adapt herself new community, 
the pleading letters parents 
urge relocation closer home, 
sometimes emotionally impossible 
hold out even though the work 
definitely his liking 

Other causes for leaving com- 
pany the early months are inabil- 
ity adjust personality charac- 
teristics superiors, lack satisfac- 
tion with type work, sudden reali- 
zation company policy that limits 
chances for advancement beyond 
certain point, feeling insecurity, 
unfavorable health conditions par- 
ticular climate, dislike for travel 
uncertainty location after train- 
ing period. 

seasoned employer who expe- 
rienced all these conflicts some years 
earlier during his initial working 
days but who stayed with the job, 
these appear perhaps childish and 
immature, but the fact remains that 
the technical graduate today 
knows can come fairly close the 
realization his desires and 


not readily willing settle for les 
All in all, however, he is just as sin- 


cere his hope that 
he accepts will be the ri sht 
the company who employs him and 
proves this remaining throughout 
the years 

The searchlights industry are 
truly swinging wide arcs these 
days their attempt light the 
pathway young graduates their 
doors and youth seems somewhat 
blinded the brightness 


vna 


the 


receive the plaudits and homage 
seasoned men while one the 
embryonic stage simply because 
having completed curriculum 
science technology must naturally 
throw the industrial world somewhat 
out focus. The fundamental stabil- 
ity which for many generations has 


American youth must serve 
good stead today, while the phenom- 
enal capacity American industry 
meet and adjust periods diffi- 
culty bound see through the 
stress the next few years 


down with sympathetic listener and 
“sound off” will release pent 
ley 
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GUILD 


Fig Craftsman’s Guild, with over $20,000 awarded 
prizes, one method uses stimulate interest 
engineering. Awards are given for proficiency design. 
Fig. Young entrant sands his miniature automobile 
satin-smooth finish. his big opportunity win prize 
award. Contest sponsored Fisher Body Division. 


Fig Model builders see how real car put togethe: 
Plant tours are often arranged local basis 
student interest the planning large scale production 
Fig Harley Earl, vice president charge styling, 
General Motors’ experimental dream car Sabre 
group youthful contestants tour the auto 


CHARLES CHAYNE 


Problem 


Vice President Charge Engineering Staff, The General Motors Corporation 


The engineering staff head the world’s largest manufacturing corporation 


discusses the programs that industry must undertake insure 


full utilization engineering manpower and increase the number students 


entering the engineering colleges. 


SHORTAGE engineering man- 
power unquestionably the most 
vital problem United 
States today. Entirely aside from the 


the 


demands the defense program, 


modern business 
knowledge for careers 


production, sales, and management. 
maintain our present world lead- 
ership and improve our standard 
living will require tremendous 


Fig class the Institute, where outstanding high 
school graduates are provided cooperative course tech- 
nical fields. Many other industries have similar programs. 


productive power built science 
and engineering. 

Yet despite this impressive de- 
mand and opportunity, there little 
evidence that more than the usual 
percentage high school graduates 
are selecting engineering field 
study college. This situation 
can corrected only industry 
well educational systems and in- 
stitutions undertake program 


acquainting the high schoo] student 


Si 
DEPARTMENT 


hnical 


with the advantages 
education and the rewards open 
best, students 


high school age have only 


him industry. 


conception of engineering as 


them find out too 


a pro 
fession Some of 
late and have not included 


and 


curricula enough mathematics 


science meet the engineering 
lege entrance requirements 
techn 


There are many 


industry should use stimu 


Fig 6—Providing background information teachers 
national and regional meetings helps them properly coun- 
sel their students and appraise the field engineering. 


~ 
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PREVIEWS PROGRESS 


recent Navy Research project—broad- 
explained and demonstrated with music. 


terest engineering profession. 
First and foremost, must establish 
the engineer the same level 
the scientist. With the coming age 


chemistry and atomic physics, the 


public has become aware the in- 
fluence the scientist everyday 


life. Radio and television programs, 


newspaper and magazine articles, 


hearings 
have been devoted to the views of 


and even Congressional 
the researcher and scientist. But in- 


dustry has been lax using the 


same means impress upon the 
public that the engineer the man 
who takes the idea and converts 
into product that can used 
that he, 
with the facilities that industry pro- 
vides, represents the difference be- 
tween this country and Great Brit- 


the office, factory home 


France, 
knowledge not successfully trans- 
lated into products and productive 
capacity. 

The opportunity make good 
living, contribute the general 
welfare the country, and 
respected member his community 
open any graduate engineer. 
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The story 2,200 years jet propulsion from aeolipile modern Dyna- 


jet. Traveling displays this type bring the story industry the engineers 
and executives the future, such displays influence them study 


Many the methods used Gen- 
eral Motors impress these facts 
the high school student are avail- 
able any company: 

Providing students and teach- 
ers with literature scientific de- 
velopments, production techniques, 
products. that was 
written specifically give students 
better conception the engineer- 
ing profession and industry “Short 
Stories Science and Invention” 
Charles Kettering. 

Supplying educational institu- 
tions and groups 
with motion pictures. 

Sponsoring radio and televi- 
sion programs such Henry 
“Your Land and Mine.” 
Reprints these programs have 
been made available without cost 
upon request. Millions listeners 
have heard these broadcasts, which 
were sent out over some 180 stations. 

Developing traveling science 
shows such “General Motors Pre- 
view Progress,” which has trav- 
eled from coast coast and has 
unquestionably directed the thoughts 
many high school students to- 
ward science and engineering. This 
show consists displays and dem- 
onstrations scientific develop- 
ments and phenomena, and ac- 
companied lectures. 

Exhibiting national educa- 
tion conferences impress teachers 
and educators with the requirements 
industry, and especially with the 
need for counseling their students 
take mathematics, physics and chem- 
istry. 


Taylor’s 


Sponsoring Business-Industry- 
Education Days, during which both 


teachers and students are taken 
conducted tours through local pla: 

Employing teachers and prof 
sors, insofar possible, during 
cation periods assist them 
understanding the techniques 
objectives industry. 

Sponsoring competitive colle; 
scholarships that are open 
school grade school students 
are designed stimulate the inte: 
ests such students engineeri: 
Examples are the Craftsman’s 
Contest, sponsored the Fish: 
Body Division General 
and the Soap Box Derby, sponsor: 
but different undertaking 
gram whereby high school 
are selected and sponsored vai 
ous operating divisions 
the country and sent the Gener: 
Motors Institute Flint, 
for cooperative course technic: 
fields. Many industries have 
closely similar programs. 

Providing responsible 
and department heads lecture be- 
fore teachers conventions, 
meetings, and assemblies 
neering universities. These 
give the student better 
the needs industry, the bas 
requirements for success engi- 
neering and the opportunities 
fered engineering career. Th: 
lectures not confine their pres 
entation General Motors but pre- 
sent the picture 
industry general. 

10. Inaugurating partially 
derwriting national exhibitions 
further the prestige science anc 
engineering, such the 
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Shattering drinking glass with high frequency sound 
illustrate effects mechanical vibrations one the many 
demonstrations the General Motors traveling show. 


Engineering which will held 
this summer Chicago. 


High School and Industry Levels 


The high school level only the 
beginning. One the most impor- 
tant decisions college engineering 
student must make sometime before 
graduates that selecting the 
tield work for which 
ground and abilities qualify him. 
Anyone who has interviewed engi- 
neering graduates has received the 
mpression that too many give little 
thought this problem until just 
before they graduate—that they have 
little conception industrial organ- 
ization and work, and that they 
place too much reliance indus- 
trial training programs provide 
the answer. 

Generally, training program in- 
cludes period induction and 
orientation, providing the graduate 
with basic information concerning 
the work and functions the com- 
pany; opportunity gain expe- 
rience varied work experience 
major units and key departments; 
periodic meetings with members 
managemént discuss manufactur- 
ing and engineering problems and 
broaden his knowledge them; 
and finally, assignment regular 
job. 

Colleges, however, should contin- 
through their guidance clinics 
and faculty counselling encour- 
age undergraduates give early 
thought opportunities check 
what actually involved each 
phase engineering work, and 
get first-hand some practical ex- 
perience and knowledge. 
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Similarly, industry shouid recog- 
nize that the transition from campus 
industrial life involves impor- 
tant individual adjustment, and that 
much the restlessness and impa- 
tience observed some engineering 
graduates traceable this. 
the extent practical, industry should 
encourage and provide opportunities 
for summer employment means 
early indoctrination and orienta- 
tion, and management follow-up and 
counselling the graduate not only 
during the course his training 
program but afterward—while 
finding his niche the organization. 

the other hand, the engineer- 
ing graduate must realize that while 
will given assistance mak- 
ing this transition from directed de- 
velopment self-development, 
must ready assume his full 
share responsibility. should 
keep mind that employed 
not for his immediate value 
company, but because believed 
has potential for some future re- 
sponsibilities. attain these posi- 
tions responsibility must com- 
pete with many others. His college 
education should helpful him 
arriving his objective, but 
will not guarantee him success. 

Modern industry complex. To- 
day there are very few “lone wolf” 
jobs left. takes more than ability 
particular field work get 


ahead. takes ability get along 


with other working 
with them, later directing the 
work others. also requires the 
ability sell oneself and ideas. 
takes time for the graduate prove 
himself these other respects—and 


Sunlight, lamplight heat from candle converted into 
enough electrical energy spin the light flywheel 
the Sun Motor now being shown throughout the country. 


cannot progress far until 
this 
situation, therefore, not devel 
the man, but provide oppor- 
tunities for him develop himself 
present technical manpower sit- 
uation one requiring the full 
zation the maximum capacity and 
ability every engineer. one 
that necessitates industry, the 
extent practical, making certain that 
engineers are used 
work; that they are transferred from 
positions that may not require engi- 
neering training those that 
that they are held 
tions longer than 


qualify 


necessary | 
them and then moved 
positions maximum responsibility 
compatible with their ability, expe 

rience and existing opportunities 
and that junior technicians are as- 
signed the less technical aspects 
the work. situation that 
will require also constant training 
activity every phase technical 
work develop all employees with 
potential skills and fill special 
emergency needs. 

Under such circumstances 
unusual opportunity for the engi- 
neering graduate who 
himself. 

The task training such men 
must shared both colleges and 
industry. Those two institutions will 
have solve the problem. The col- 
leges have been doing their part 
about well can done with 
the funds they have available. 
necessary for the colleges seek 
federal support with all its potential 


penalties 
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Training Engineers 


Once the young graduate hired must trained the company 


usable ata maximum potential. Training occurs three phases: pre-employment, 


post-employment, and continuing advanced training. 


COMPETITION AMONG COMPANIES 
college campuses has everybody 
for new methods getting 
their share young engineers. Cur- 
rently employed personnel are being 
used greater extent searching 
out new talent. Employees designated 
college representatives visit two 
three specific campuses several 
times year talk with faculty 
members and sell the company 
them stressing working condi- 
tions; opportunities available; and 
beneficial company policies. Prestige 
and approval built with the fac- 
ulty results favorable 
ations for the company. alumnus 
familiar with particular campus 
and faculty may assigned 
this job. 

Sales representatives throughout 
the country, and plant 


locations away from company head- 
quarters are used part-time re- 
cruiters make the company’s cov- 
erage nation-wide. This emergency 
staff briefed recruiting spe- 
cial instruction booklets that contain 
everything the representative should 
know contacting students and fac- 
ulty members: how set inter- 
views; general company policy; pro- 
cedure for hiring; the company’s 
standards; and what look for 
the students personality and back- 
ground. 

But regardless how the engineer 
recruited some kind training 
required acclimate him industry 
and enable the company utilize 
available help maximum poten- 
tial. Starting with introduction 
the young graduate the company, 
today’s educational program con- 


Schematic diagram the post-employment training program used Westing- 
house Electric Corporation indoctrinate young engineers. Specialized training 
includes classroom work and work assignments. Several hundred new engineers 


take this course every year. 


ORIENTATION 


Basic Training 


INITIAL WORK 
ASSIGNMENTS 


Production 
Inspection 


Laboratory 
Test 


tinues throughout the 
reer preparing him for 
and managerial positions. 

Continuing educational opportu: 
ties are incentive prospect 
employees; assure progressive, 
to-date engineering department; 
enable the company produce 
agement personnel from the rank 

Training can classified into thr: 
stages: pre-employment, post-em 
ployment, and continuing advanc 
training. Most important 
any program the active 
management, particularly 
management. 


Pre-Employment Training 


Training before permanent hiri: 
share young engineering gradu 
ates. 

Cooperative education offered 
many colleges and universities 
formal pre-employment training pro 


PRODUCT 
ENGINEERING 
SCHOOL 
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also hold classes here. 


gram. complete listing these 
schools can found the report 
urvey Cooperative Engineering 
Education,” Bulletin No. 15, prepared 
1949 the Office Education, 
Federal Security Agency. After the 
freshman year, the student altern- 
tes three (or six) months periods 
college and actual work 
ndustrial plant. Usually five years 
length, the course enables student 
gain two years industrial ex- 
perience before receives engi- 
neering degree. 

Obvious advantage participat- 
company the hiring young 
graduate who already familiar with 
the company’s organization, products 


~ 


Engineering 


Westinghouse built this educational center house classrooms and library for 
their post-employment training program. Employees studying for advanced de- 


and procedures and who can step 
and carry his share the engineer- 
ing load almost immediately. 
Another method pre-employ- 
ment training involves hiring stu- 
dents the junior year for summer 
work engineering assistants. While 
the student releases experienced en- 
gineers for pure engineering assign- 
ments and gets acquainted with the 
organization, the company observes 
his capabilities and evaluates his po- 
tentialities future employee. 
the same time, the young engineer 
indoctrinated into industrial proced- 
ure and gains actual experience. 
Pre-employment training most 
frequently used companies 


Specialized Training 


Manufacturing 


Other 


Activities 


who feel that the training facilities 
offered large corporations put 
them disadvantage when comes 
hiring young engineers. using 
these methods they feel they have 
opportunity reach the student 
and sell him their company 
may contacted larger cor- 
poration. 


Post-Employment Training 


The gap between college classroom 
and industry engineering department 
bridged graduate student 
training program lasting from one 
month five years. Purpose this 
course provide the novice with 
solid background company oper- 
ations, organization, policy, products 
and services. 

Experience indicates that young 
graduates usually not know ex- 
actly what they want the 
course must evaluate each man’s in- 
terests and locate him the best 
possible job based those interests 
and his qualifications. Some specific 
training not available college 
university curricula provided 
enable the novice start the job. 

Members the company who are 
specialists the fields studied 
teach the training courses grad- 
uate level. Classroom work com- 
bined with actual work assignments 
Course material varies with the com- 
pany but general, all post-employ- 


| 


ment training courses cover these 
general points: 

Individual counseling through- 
out the course. Measures the student’s 
ability and grasp what learn- 
ing, and determines his interests for 
permanent assignment 

Orientation 

Description the industry the 
company part of. 

Company background and gen- 
eral policies including employee 
benefits, advanced training oppor- 
tunities, promotions, vacations, etc. 

Functional company organiza- 
tion. 

General product lines. 

III Classroom Technical Training 

Design and engineering details 
the company’s products (what they 
look like, how they are built, how 
they function, performance record, 
how they are installed, how apply 
them, what customers use them, com- 
petition the field, markets, out- 
standing features). 

Competitive products—descrip- 
tion and discussion. 

Specialized training 
for specific position the company, 


technical 


including background and advanced 
material. 

Work Assignments 

Work for short period time 
many different departments ac- 
quaint students with the variety 
work available. One assignment 
usually test department where 
trainee evaluates products without 
necessarily doing the actual testing. 
This work 


thinking the student and teaches 


conveys 
standards performances and how 
judge them. 

On-the-job training for longer 
periods various phases the type 
work selected the student for 
permanent assignment. 

Length 
based positions available, individ- 


work assignments 
ual’s previous training, experience, 
aptitude and interest. 

Permanent Assignment 

Training engineer the start 
his career appears induce 
greater degree company loyalty 
and esprit-de-corp the working 
One large 

that lasts almost year 
found that less than five percent 


force company with 


program 


the trainees left the company before 
the training period ended and the 
majority these terminated em- 
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ployment because family geo- 
graphical reasons. Less than per- 
cent left during the first five years 
employment, and only addi- 
tional six percent left during the next 
five years. Well over half the trainees 
spend their entire engineering career 
with the company. 

gram this kind include: 

(1) Work assignments that not 
challenge the capabilities the stu- 
dent. 

(2) Over supervision that bars the 
development self confidence. 

(3) Disappointing recruits 
painting too rosy picture the 
company’s operations. 

(4) Relying the ability stu- 
dent too much; many not live 
expectations. 

Small companies have recognized 
the advantages post-employment 
program but have felt that prac- 
tical, financially and personnel-wise, 
only large companies. Actually 
small company program can inex- 
pensive and possess big advantages 
over the large company course. 

Not using “pool hiring” the small 


Schedule temporary work assign- 
ments for Square Company’s new 
engineers. Though averaging only eight 
new engineers each year, the company 
puts each man through complete ori- 
entation program. These assignments 
are one part the program. 


STUDENT ENGINEERS 
TRAINING SCHEDULE 
CLOCK NO. 
TIME REQUIREMENT 
(Weeks) 
Short Long 


NAME 


DEPARTMENT 
(Grp. No.) 


Regulator 

(26) 
Timers 
Coil 

(32) 
Standard 
Assembly 

(28) 
Standard 
Assembly 

(29) 
Special 
Assembly 

(31) 
Special Assembly 
Job Shop 

(65) 
Test Room 

(35) 
Inspection 

(44) 
Short Orders 

(37) 
Laboratory 
Drafting 
Time Study 
Prod. 

Total Weeks 


HY W 


employer hires for specific job, 
can eliminate some the variety 
work assignments. Pre-employmen: 
training digs out the right man 
the job and reduces the 
company orientation required. 
ing can given very pers 
and individual basis with conferen 
and interviews taking the place 
classroom work. And one person 
administer small training prog: 

addition his other duties. 


Continuing Advanced Training 


Advanced training encoura 
engineering personnel deve! 
with the company and with 
science. 

On-the-job training all pers 
nel prime responsibility 
supervisors that employees 
constantly being educated 
trained. 

Technical meetings and professi 
societies are recognized 
source advanced training. Ma: 
companies pay membership fees 
travel expenses out-of-town me: 
ployees join and actively parti 
pate these groups. Industrial pu! 
cations and association journals ke: 
personnel informed latest develo; 
ments and afford place 
change information. 


Educational facilities are mad 
readily available the establi 
ment out-of-hours courses. 
sented graduate level spe- 
cialists employed the compa: 
these courses demand high stand- 
ard scholastic effort and achiev: 
ment. 


Size classes are limited 
review applicants insure 
those enrolled for course are ade- 
quately prepared training and ex- 
perience benefit from it. Activ: 
participation classroom discussions 

one such program established 
Bell Laboratories, the courses 
offered without charge 
Class members use their own tim 
for study and preparation, and 
instructors are employees the com- 
pany who serve without extra com- 
pensation. Texts are loaned and 
turned the end the course, 
are purchased the students. 

Supplementing the Bell courses 
series lectures concerned wit! 
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Bell Telephone Laboratories Out-of-Hours Courses 


Review Engineering Mathematics terms) re- 
view engineering mathematics taught undergraduate 


college courses. 


Oscillations and Waves terms) 
analyzing wave phenomena irrespective their special 


physical nature. 


Electronic Circuits terms) Design methods for cir- 


cuits using electronic devices. 


Manufacturing Methods terms) 
manufacturing methods and the manufacturing organiza- 


tion the Bell System. 


selected phases the company’s ac- 
tivities. These seminars advance the 
state technical knowledge the 
employees and keep them informed 
the company’s activities. 

Advantages out-of-hours 
courses can obtained even 
not feasible set company- 
contained program. The company can 
encourage engineers take courses 
nearby colleges offering bear 
the entire cost share the expense 
the course. 

Encouraging engineers seek ad- 
vanced degrees another method 
continuing advanced education. Link- 
ing graduate study and thesis re- 
search with his job, the engineer 
applies advanced principles learned 
the classroom problems encoun- 
tered his daily work. 

Usually arrangement made 
share the costs advanced degrees 
when obtaining the degree will mean 
benefits the company. Either 
two methods are generally used: 
sharing percentage the tuition; 
granting time off during the work- 
ing day take the courses. 

one graduate study program, 
the company has contacted local 
university and set special gradu- 
ate courses for its employees. Aimed 
the company’s particular opera- 
tion, these courses are accredited 
the university for advanced degrees; 
supplement the advanced degree 
course; and are taught company 
specialists. 


Supervisor Training 


Adequate supervisor training 
courses have been established cope 
with the growing complexity labor 
relations and engineering develop- 
ments. Feeling that technical ability 
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methods 


Fundamentals Television term) 
light and color; television signal transmission; television 


Perception 


standards and apparatus. 


Development Economics Basic theory and 
methods applying principles economics develop- 


ment work the Bell Telephone Laboratories 


Freehand Sketching terms) 
sent ideas graphically. 


Develops ability pre- 


Laboratories Staff Operation term) Series infor- 


Covering modern 


mal lectures about the major duties each department 
First Aid, Standard Course term) Standard first aid 


course the American National Red Cross 


alone not sufficient make good 
supervisor, management people have 
worked out courses with the aid 
psychologists and industrial labor 
experts. 

Supervisors, courses generally 
cover: 

Human relations management. 
Helping the employee adjust his 
job; principles effective manage- 
ment; understanding the employee 
and his problem; 

Company policies and their in- 
terpretations. 

III Duties and limitations su- 
pervisors. 

This special course augmented 
out-of-hours courses and ad- 
vanced degree courses. Follow 
initial supervisor course dis- 
cussions and seminars has resulted 
maintaining supervision high 
level. 


Management Training Courses 


Training continues right top 
level management with selected uni- 
versities offering special executive 
courses that last long full 
year. these seminar type curricula 
latest techniques and principles 
management are thoroughly dis- 
cussed and scrutinized. 

new concept employee train- 
ing developing about so-called 
economic education programs. Pur- 
pose these courses point out 
the benefits the free-enterprise 
system and correct mistaken im- 
pressions about the company’s finan- 
cial operations. While many manu- 
facturers have experimented with 
programs this type the past 
two years, none have been entirely 
satisfactory. 


The problem this. economic 


educational material is not carefully 
prepared and presented, assumes 
the tone obvious propaganda and 
can bring about labor unrest. Au- 
thorities now agree that such a pro 
gram must continuing effort 
rather than one-shot course. Sev- 
eral research organizations are now 
preparing and testing educational 
programs this type for some 


the larger 


Advantages continuous training 
from hiring retiring can sum- 
marized as: 

(1) Supplies the necessary quota 
high potential young men without 
which company cannot exist 

(2) Provides the outset back- 
ground the industry and company 
policies the young graduate 

(3) Imparts broad familiarization 
with the products and services the 
company that each man has 
working knowledge the company’s 
overall operation. 

(4) Develops company loyalty 
the trainee because managements 
obvious investment time, money, 
interest and patience, and keeps 
turnover low. 

(5) Influences behavior trainees 
through close association with 
experienced employees 
professional recognition. 

(6) Instills healthy attitude through 
emphasis opportunity and rewards 
doing job. 

(7) Enables the trainee under 
guidance explore all possible job 
opportunities that ultimate place- 
ment most satisfactory him and 
company. 

(8) Produces top management 
people from the company’s own or- 


ganization. 
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problems are found the 
relations test against 
stop watch time. The 
the examination sheet are 
mentally make solid 
This test that helps 
mating design abilities. 


Fig (Right)—Picture story 
which lasts about hour 
not timed against 
watch, requires engineers 
This discloses indirectly 
aspects the engineer’s 
comprehension grammar. 


Place Graduates 


The Wright Aeronautical Division Curtiss-Wright Corporation 


applying psychological testing the graduates who came 


their training program last year. Object: placement the 


proper engineering job six months—not two years—as was the 


case when observation was the basis assignment. 


SCREENING TESTS excellent 
supplement trained judgment and 
observation prior the permanent 
assignment engineering graduates 
industry. the preliminary 
conclusion supervisors and de- 
partment heads the Wood-Ridge, 
N.J., plant Wright Aeronautical, 
after analyzing results program 


are an 


inaugurated last year test the sev- 
eral hundred graduates who came 
the company training program, 
well experienced engineers with- 
the company who requested the 
analysis 

Assignment 
tions being made much more rap- 
idly than the past. Dissatisfaction 
with assignment has materially de- 
creased. And comment from the su- 
pervisors generally favorable. Sam- 
ple: can find out more about 
man one day than formerly could 
two years observation his 
personality and abilities. 

Under the general direction in- 
dustrial psychologists Stevenson, 
Jordan, and Harrison, New York 
management consultant firm that 
administering the program, the tests 
were chosen specifically provide 
answer the question where 
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best place graduate after re- 
ports work. 

The former procedure Wright 
was place all engineering gradu- 
ates the test house for long 
years. During this time, test 
house supervisors attempted ana- 
lyze the abilities and interests each 
man. the same time, each man 
supposedly was trying match his 
interests with the openings available 
the various engineering divisions. 
Although this procedure conserva- 
tive and common industry, re- 
quired considerable time and some- 
times resulted error. 

The new procedure does not by- 
pass test house assignment, but sup- 
plements with battery tests 
determine: (1) general and engi- 
neering ability; (2) interests; and 

personality. These tests, which 
require the best part day 
complete, are entirely voluntary. 


Types Tests 


Requirements for the various types 
engineering jobs the company 
were analyzed before the program 
was started. From these, the overall 
mental and personal characteristics 
required engineering graduates 


each division were established. 
further check, tests were given 
supervisors and some the perso: 
nel each department obtain 
correlation between test results 
the graduates and the engineers. 


Ability tests are aimed determi: 
ing general mental ability, som: 
times called IQ, plus specific eng 
neering ability and know-how. Th: 
are broken down into (1) 
mental ability tests, and (2) engi 
neering aptitude tests. the 
category are verbal 
must solved reasoning 
judgment; and written tests arit! 
metic, reasoning, and vocabulary. 

The arithmetic test simple; abou 
per cent the graduates get 
perfect score. There are some eng 
neers however who miss one mor 
questions, and since mathematic: 
ability the key engineering, 
results indicate whether man 
the base which build. Surpris- 
ingly, some graduate engineers 
little engineering aptitude 
interest, even though they have com 
pleted regular four-year course 
accredited university. 
are frequently arranged 
people where they have aptitudes 
value other departments. 

The reasoning problems are based 
mental agility, opposed 
memory, and consist primarily 
spotting progressions patterns 
numbers, words letters. The vo- 
cabulary test, which seems 
largely memory test, measures rec- 
ognition word meaning which has 
been shown closely related 
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intelligence. Mechanical com- 
prehension tested relatively 
easy questions physics which re- 
juire the application mechanical 
principles concrete problems. 

Finally, there space relations 
test which requires the subject 
visualize what would happen 
two-dimensional drawing were 
folded certain ways make 
three-dimensional figure. Graduates 
vho know descriptive geometry and 
vho can visualize projected design 
from sketch print usually get 
high score. Good scores are believed 
indicate good potential design 
talent. 


Interest Tests are means deter- 
mining both vocational and avoca- 
tional—or “hobby” One 
engineer described them “tests 
that tell whether you like sell 
tickets and meet the public fix 
the change machine breaks 
down.” But more than that, they in- 
dicate the probability graduate 
being successful the broad areas 
sales, office occupations, engineering, 
production other trades profes- 
sions, 

One test, the Strong Vocational 
Interest Blank, made 400 
items check, such likes and dis- 
likes. represents cross-section 
one’s thinking, interests and atti- 
tudes. was given large groups 
people various occu- 
pations discover each case how 
the members that group differ 
their thinking from people gen- 
eral. that way was possible 
work out scoring key for each oc- 
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Try Screening Tes 


cupation. What the test does 
indicate whether man thinks like 
successful people his work. 

The other test more superficial. 
merely presents various kinds 
activities, and the subject indicates 
which one likes dislikes for 
either vocational avocational pur- 
poses. Thus the kinds information 
the two tests are complementary. 

These tests are supplemented 
verbal questioning determine the 
degree the graduate’s interest 
hobbies and outside activities. For 
example, sometimes the graduate has 
few interests, which may indicate 
apathy lack zest for living. 
the other hand, may have too 
many interests, tend dissipate his 
abilities and divert too much energy 
from his job. 


Personality Evaluation done partly 
interview and partly written 
tests. lot depends the interview. 
This not superficial employment- 
type but rather clinical “depth” 
interview which the psychologist 
tries get below the surface. The 
personal history form, which 
set give his personal back- 
ground, reviewed with him give 
structure the interview. 

This followed two tests, one 
which consists two parts ques- 
tionnaire and hypothetical situation. 
The questionnaire check self- 
sufficiency, socialability, leadership 
and initiative, drive energy level, 
naivete, detail-mindedness, and per- 
secutory trends attitudes. the 
second part, which might termed 
the verbal situations test, the gradu- 


ate asked indicate how would 
handle certain situations for which 
there definite answer. 
Finally, for the last test, the subject 
tures and indicate what might 
happening. Unconsciously, draws 
some his own personal material 
and projects some his own person- 
ality into his interpretations. This 
indirect approach has the advantage 
catching the person off guard. 
Together, these personality evalu- 
ations give picture the 
emotional and social characteristics. 


What Done With the Test Results 

Test results are first discussed with 
each graduate. The confidential re- 
port then shown only engineer- 
ing management personnel. These 
reports take into account age and 
general development. report may 
state that man has excellent ability 
and potentially well-rounded in- 
dividual, but that somewhat 
immature. may state that 
needs work with other people, 
that would well his own 
tries place him, insofar intel- 
ligence and knowledge engineer- 
ing are concerned, respect not only 
the general population but also 
the other engineers Wright. 

The report may show that man 
excellent design, that may 
advance more rapidly develop- 
ment research. some cases, the 
reports have indicated that the grad- 
uate has preference for engineer- 
ing and ability make significant 
contributions, but would probably 
well the sales department. date, 
the engineering division has trans- 
ferred the graduates other 
departments within the company. 

There has been little resent- 
ment the screening tests the 
part the graduates; they accept 
them routine check. Perhaps the 
reason that the Wright Corpora- 
tion encourages the supervisors 
use results like X-ray reveal 
traits and hidden abilities that might 
otherwise not apparent until after 
prolonged observation and perform- 
ance. 

Besides the uses previously men- 
tioned, these screening tests also 
provide data men who are poten- 
tial administrators and technical su- 
pervisors that they may 
watched. For the man himself 
him something about himself that 
usually does not know, increases his 
self-understanding, and makes sug- 
gestions about the direction his 
future efforts. 


219 


| 
| 
| 


MANAGEMENT TODAY faces many new 
problems resulting from rapid ad- 
vances technology. Company exec- 


increas- 


utives are therefore paying 
attention the use reports 
communicating technical 
the 


neering department and other phases 


a means 


engi- 


of busine organizations 


The president vice president 


industrial concern might issue 


report the overall company ob- 


jectives and how they are being met 


This type generally dis- 


tributed 


report is 


among the 


top executives, 
supervisors and technical people who 


are concerned with choosing 


and carrying out objectives 


Another kind report, prepared 
department head such the 
chief engineer, would show the ac- 
tivities and developments his unit 
and recommend changes when nec- 
essary. project engineer might 


report his 
department head, also including sug- 
gestions for changes procedure 


each instance, important that 


copies the reports circulated 
and down the lines 


that 


| 
all who 


tion so 

formed are 
When 


pe projyect 


l 
top management assign a 
covering one or more 


daepartment an up-to-date ‘ en 


munication to provide automat 


HOLDING and WALLACE, Battelle Memorial Institute 


Large and small companies alike can implement engineering policies through system 


reports, each keyed reason its length, content and 


“progress” “phase” information. 
Well-written and complete reports 
for the 


evaluation, analysis and solution 


save considerable time 
technical problems. They help all in- 
dividuals concerned tackle large 
number problems effectively and 
serve permanent records that are 
indispensable many occasions. 
All too frequently, those responsi- 
ble for setting policy believe their 
organization either too small 
justify writing reports or, because 
they have never used engineering 
reports, they see reason for adopt- 
ing them. They fail recognize that 
there are different types reports, 
that each type serves definite pur- 
pose and that report can tailored 


specific audience. 
Types Reports 


Reports can classified according 
need into three broad groups. The 
first the routine report that out- 
lines the activities engineering 
department. This type report 
prepared regular intervals and 
directed mainly the company’s 
technical director who, turn, relays 
the information top management 


revised form. 
The routine report need neither 


fancy nor lengthy, but should 
cise and well-organized. Its con- 
tent should limited straight- 
factual presentation ac- 


and plans, with only 


Reports Are 
ood Managemen 


Vit 


short introduction 


Management 


summa! 


ingly aware the value and 
for this type report. 

Second, there the special rep 
Problems special urgency 
particular interest company 
ecutive, and any matters that are 
directly concerned with the routir 
activities the engineering 
ment, fall into this category. 


company’s technical director 
wish have summation wor! 
done date given project. 
cial” and contain: (1) abstra 
preceding the body the report 
(2) introduction that defines 
problem and gives its background 
(3) that 


presents the actual research and de- 


experimental section 
velopment work done, along with 

interpretation the results; and (4) 
set The 
should also include tabulations 


conclusions. report 
significant data, line drawings indi- 
cating trends, engineering calcula- 
tions, graphs, sketches and photo- 
graphs. 

general, the special report 


usually directed the company’ 


executives and one the most 
important and direct lines com- 


munication between managemen 
and the engineering department. Thi 
the type report that management 
frequently uses guide deter- 


mine whether pursue drop 
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Technical reports serve top management two ways—for 
communicating matters policy down the line the engi- 


project. The importance the special 
report both the engineer and the 
executive can hardly overempha- 
sized. 

Whereas the routine and special 
reports are forms com- 
pany communication, the third type 

report the engineering economic 
survey the “external” type. For 
example, might contain analysis 
the selling appeal the 
products evaluate the demand for 
advisability placing new 
product the market. may 
tell whether the time ripe estab- 
lish new division within the com- 
the controlling interest 
available, already-established tech- 
nical enterprise. 

The economic survey report usu- 
ally prepared specialists several 
fields analyst; statisti- 
cian; metallurgical, mechanical 
chemical engineer; and perhaps 
industrial consultant. Others may 
contribute the subject the report 
calls for highly specialized informa- 
tion. Tables data, photographs and 
sketches, cost figures and production 
estimates are, course, important 
factors presenting certain types 
nformation 

Because the survey report needs 
pecialized, high-caliber authors, 
frequently prepared joint ef- 


fort department heads com- 
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pany, “farmed out” one the 
independent research institutes that 
specializes this type work. 
directed primarily the board 
directors 
group the company, and may 
followed second, shorter report 
answer specific questions posed 


the board members. 
Case Histories 


Three hypothetical companies 
and 


I 


illustrate how the three 
engineering reports can used 
Company employs three technical 
chemist, chemical engi- 


people ngi 
neer and mechanical engineer. The 
three work team under the su- 
pervision the company’s president 
vice president. Communication 
mainly word mouth. 

great deal work consists 
routine testing “trouble shooting,” 
but the company’s officers are also 
interested developing new im- 
proved products. Research and de- 
velopment carried out the three- 
man team may extend over consid- 
erable period time, difficult 
maintain continuity work. And 


several projects may carried 


eral confusion 
How Company make best 
use the work its technical 


Are data accumulate var 


aaa Ve 
notebooks until the executives have 
me to go over ther r until a con- 


ference can be held to d u tne 
Work tne pany ] 
small, ves are busy and 
they usually cannot afford 

much time verbally ehashing 

} 
six-montn engineer. project. JN 
can they expected interpret 
assortment oI scattered data 

necessary, but obviously imprac- 
tical and unnecessary prepare 
and detailed reports. The 
the routine report, a short, concise 

Vals, S’ating ecent < my nment 

} ] 

There are tl isanad ndust 
organizations that are comy rable ir 

ma respects t ( \ A 

that grow and are 

generally the one that iet the I nt 

hand know what the ef? } nd 

aoing by eal I! itine nee 

ing report 

Cor pany B 1-sized nu- 
tacturer oft d est t 1 otne 
hea ng app nce yf 
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ceramic nda met 
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neering staff and for keeping tabs development projects 
through progress reports sent the line regular intervals 


| 
| 
the same time, adding the gen- 


Routine reports circulated periodically keep engineering 
department supervisors posted regarding the significant 
details projects currently process completion. 


his laboratory. has found, 
have many similar situations, that 
this type report indispensable 
{ool his work, Prompt and regular 
reports the analysis sheét-steel 
deliveries, firing characteristics 
new enamel and frit lots and test- 
ing insulation compositions and 
thermostats must reach his desk. 
Company then able meet its 
production schedules anticipating 
and solving its manufacturing prob- 
lems, and maintain the high stand- 
ards that insure quality products. 
Company finds, however, that 
merely turning out good appliances 
not enough. must have better 
stove because competition stiff. The 
research and development staff 
directed design better, more at- 
tractive stove. The ceramic engineer 
works develop improved base 
for the standard enamel. The fuels 
engineer works with the mechanical 
engineer design oven with 
higher heat rating and more efficient 
burner. The chemist and metallurgist 
combine their talents find differ- 
ent type sheet steel meet new 
corrosion and temperature condi- 
tions. The progress each activity 
regularly communicated the tech- 
nical director short reports until 
the whole project has begun take 
shape. this point, special report 
prepared. This composite report 
goes the company executives re- 
sponsible for technical development, 


who evaluate the overall develop- 
ment picture, make recommenda- 
tions for further work and begin 
consider the overall economic pic- 
ture. necessary, more development 
work may follow, terminating with 
report that either recommends 
discourages, technical basis, 

Company operations would fal- 
ter without efficient communica- 
tions system composed routine and 
special engineering reports. might 
seem that the system outlined 
obvious, and that all companies nat- 
urally foilow this practice. Such 
not always the case. 

Company large steel manu- 
facturer employing 
technical people who work labora- 
tories, pilot plants and full-scale 
manufacturing units various parts 
the country. Integration opera- 
tions aided materially regular 
circulation engineering reports 
the types discussed above. 

new situation may arise, how- 
ever, which cannot handled even 
with such highly efficient system. 
One the plants produces alloyed 
steel that sold small independ- 
ent company equipped with special 
processing facilities. This company 
puts out high-grade automotive parts 
that find ready market, but its cap- 
ital has been stretched thin. fact, 
cannot obtain raw materials more 
cheaply, may out business. 


Special reports present management all the 
needed fully evaluate the merits new project 
analyze data obtained the course completed 


The alloy metal being its 
raw-material item, the top 
Company have difficult prob- 
lem: either reduce the price 
shipment. Company would not 
affected disastrously the loss 
this market, but cannot 
sell for less. 

For some time, Company 
considered moving into 
automotive parts field, the direc- 
tors conceive the idea supplyins 
sufficient capital obtain con- 
trolling interest the processing 
decision must reached within 
three months. 

Company C’s interest the proc- 
essing plant must not become gener- 
ally known because competitive bid- 
ding would decrease the economic 
attractiveness 
First, all available technical, market- 
ing and cost data relating the alloy 
are gathered from within the com- 
pany: soon becomes apparent that 
additional information necessary, 
the available data are quickly col- 
lected division heads and put 
the form special report. Still the 
market situation not clear. 

independent research organi- 
zation that specializes market 
analysis engaged complete the 
investigation. Within six weeks 
special report analyzing the present 
and future markets for the alloy 
received and cornbined with the 
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Survey reports place before the governing board the results exhaustive studies 
made key personnel and/or specialists. The data usually pertain subjects 
that have significant bearing decisions concerning major company policies. 


other special report. Filled with all 
the pertinent data compiled ex- 
perts from within and outside the 
company, the composite survey re- 
port given the board directors 
represents the best available and re- 
liable picture the entire problem. 
The board then able reach 
final decision. 


Making Reports Interesting 


the author engineering re- 
port can catch the reader’s imagina- 
tion quick-moving, single-sentence 
opening paragraphs, well the 
way toward obtaining careful reading 
the last page. Having made good 
start, maintains reader interest 
varying sentence length, style and 
structure. Few sentences should con- 
tain more than words, and con- 
versely, too many short, choppy sen- 
tences should avoided. 

The overall objective strike 
balance between breeziness and 
stuffy dignity. Such balance as- 
sured report has: (1) Easy read- 
ability; (2) simplicity; (3) clarity 
expression; (4) forcefulness; (5) 
directness; and (6) conciseness with 
completeness. 

Frequent but suitable headings 
contribute readability. Graphical 
presentation through simple photo- 
graphs, charts, drawings and short 
tables add great deal “eye ap- 
peal” report. Sometimes complex 
mathematical analyses can re- 
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placed supplemented simple 
figures, resulting clearer under- 
standing the facts. Clarity writ- 
ing makes the text easy follow and 
reduces the possibility misinter- 
pretation. Likewise, active verbs help 
create sharply defined thought 
pictures. 

One main point that should 
borne mind: The report must tell 
concise, complete, clearcut story. 
Writing whole page where one sen- 
tence will poor writing. con- 
fused, the reader loses interest. 


Consider the Reader 


Will the report used tech- 
nical people only, both techni- 


cal and non-technical? Non-technical 
people may awed pages 
formulas and theoretical calculations, 
but they may lose track the main 
theme they are forced wade 
through unfamiliar expressions. 
When report read technical 
people only, should contain tech- 
nical language. There is, however, 
limit because even the technically 
trained mind can when 
saturated with scientific terms. Fog- 
giness increased using words 
like gradient, interrogate, maximum 
optimum instead slope, ask, most 
best. 

Technically trained people and 
others will enjoy reading report 
that easy for them understand. 
Occasionally, reader will willing 
puzzle out complexly worded sen- 
tences, but even so, not certain 
that will get the real idea being 
expressed. 

Planned orderliness and logical se- 
quence ideas are also important 
Other virtues good report in- 
clude uniformity style; and 
objective, impartial and temperate 
approach the part the writer. 

While top management general 
becoming more aware the value 
internal communications among 
top executives, department heads and 
engineers, engineering executives 
will continue use technical reports 
planning and conducting their op- 
erations. intelligent use such 
reports, the full value company 
“know-how” can realized and 


tiously. 


Statistical data can left the original tabular form converted one 
several types graphical plots. The choice presentation depends upon the 
type report involved and the level technical understanding the readers. 


{ 


engineers are today 


Executive 
plagued with many problems not 
directly associated with the tech- 
nology design and development 
products. obtain background 
and briefing these problems 
Propuct ENGINEERING has during 
the last twelve months sponsored 
executive engineering forums, one 
with the Mechanical Engineering 
faculty New York University. 

These forums were participated 
top engineering executives 
from large cross section indus- 
try. The geographic locations 
the industries represented are 
widely separated. The views and 
comments these engineers 
summarizd the following report, 
therefore, can taken repre- 
sentative those executive en- 


gineers throughout industry. 
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EXECUTIVE OPINION: 


Status the Profession 


GET MORE YOUNG MEN INTERESTED 
engineering career, was em- 
phasized that industry must strive 
educate students the junior and 
senior high school levels the ad- 
vantages and rewards engi- 
neering education, the objective be- 
ing divert more high-caliber stu- 
dents into the study engineering. 
step this direction make the 
public general aware the engi- 
neer’s contributions society. Im- 
provement the welfare society 
comes great part from the creative 
work engineers. When proper 
prestige accorded the engineer, 
will have great influence guiding 
young men toward the study engi- 
neering. 

Members the forums agreed 
that one great deterrent the choice 
engineering profession was 
the popular erroneous belief that 


engineers are chained drafting 
boards. Numerous instances were 
cited men who started their 
careers the drafting room and then 
advanced top executive positions. 

argument against there be- 
ing any chains that hold man 
the board, one forum member ob- 
served that his work has kept 
the board chained him. has 
done so, because work over board 
can developed into very useful 
method thinking, and one where- 
one’s own thoughts can trans- 
ferred others more easily. His fur- 
ther comment was: “The board 
never deterrent good man; 
only those who are incapable 
rising above pencil pushing are 
chained.” 

Engineers participating the for- 
ums not expect the demand 
industry decrease. One member 
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eported for his company that twice 
Many engineering hours per man 
shop hour are now required com- 
pared with that twenty years ago. 
Reasons for this increase are: The 


Sources Talent 


ADDITION the present practice 
sending representatives from indus- 
trial personnel departments visit 
colleges for the purpose screening 
students, selling the company, and 
offering jobs, suggestions put forth 
the forums for other methods 
overcoming the present shortage 
graduate engineers included: 


Employ men who have dropped 
graduation. These men are partially 
trained engineering and can 
started draftsmen level slight- 
lower than that which gradu- 
ates are started. Only about 
percent undergraduates finish 
their courses. 


Make use cooperative educa- 
tional plans. Companies 
cooperative students usually keep 


fund engineering knowledge has 
been growing steadily; the complex- 
ity engineering designs has been 
the increase; and shop production 
efficiency has increased. 


one-half them their employ 
after graduation. 


Institute program scholarship 
awards for local high school students 
take cooperative training the 
home plant. With such plan, men 
will obtained who will want 
stay near home. 


Bring into the drafting room the 
shop apprentices who show some 
aptitude and interest for engineer- 
ing. Send these men company 
schools outside evening schools 
for special training. 


Send the older graduates the 
their schools graduat- 
ing time talk with their former 
professors and friends about avail- 
able graduates, search these out and 
talk with them. 


Training New Employees 


INDUSTRY GENERAL convinced 
that college graduates are short 
fundamentals, have design expe- 
rience and drafting ability. was 
also pointed out that many men who 
had taken engineering should not 
have done so. Hence the newly em- 
ployed graduate must through 
period training. the very start 
their employment, however, they 
should given work that entails 
some responsibility. 

orient and train newly em- 
ployed engineering graduates, and 
provide opportunities for further 
education older employees, many 
plans were reported opera- 
tion. Chief among these were: 

Lecture courses held after work- 
ing hours are offered for the instruc- 
tion draftsmen. Attendance vol- 
untary. Lectures are open not only 
members the engineering de- 
partment but also employees from 
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other departments the company. 
About fifty percent the engineer- 
ing employees who benefit 
from the courses attend. 


Lectures new projects. These 
lectures are planned the chief en- 
gineer and are given during working 
hours. Attendance entirely volun- 
tary and runs from 100. Lec- 
tures cover such subjects new con- 
tracts and new developments taking 
place the engineering department. 


Junior engineers sit all engi- 
neering conferences. 


Send out junior engineers along 
with senior engineers investigate 
the operation equipment serv- 
ice. Whenever product gives troub- 
service new engineer who has 
worked the project sent along 
with experienced field engineer 
into the field and investigate. 


Encourage men pursue further 
study. selected basis, some com- 
panies pay all half the cost for 
outside courses taken their engi- 
neers. The studies must the 
field which the engineer works 


Encourage membership engi- 
neering societies. About two-thirds 
the companies represented the 
meetings pay the cost their engi- 
neers attending the meetings 
ognized” societies. About one-third 
expect their engineers belong 
one society and pay his own dues 
that society; these companies pay 
the dues for all additional member- 
ships that are approved the com- 
pany. few companies encourage 
their engineers seek membership 
society committees. 

One company who pays the dues 
and costs their engineers at- 
tend society meetings, estimates that 
their top bracket engineers put 
from six eight weeks per year 
their time engineering meetings, 
preparing papers, serving com- 
mittee meetings and similar 
productive activities. This company, 
however, stresses that engineer 
does not engage these activities 
not worthy his job. 


Encourage engineers increase 
their prestige. Some companies pay 
specified sum per page space for 
articles that their engineers have 
published recognized periodicals 
and magazines. 


Start men experimental test 
work, then channel those who have 
design inclinations toward design 
work. Many companies are convinced 
that this the best avenue for ulti- 
mate achievement the top engi- 
neering executive jobs. 


Employ college professor train 
college graduates two year stu- 
dent training course basis. This 
arrangement, however, been 
supplanted intensive student 
training course, which requires three 
months the various engineering 
departments including testing and 
design. During this course, the design 
and the salesman types engineer 


are segregated. 


Put high school graduates through 


intensive training course which 
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covers range specialized engi- 
neering. During the course, manage- 
ment impresses the students that 
extremely interested their welfare. 


Start college graduates the 
drafting board that they may learn 
how handle engineering drawings. 


Start the college graduate engi- 
neering department operations such 
heat transfer problems and design 


calculations. 


Start the college graduate 


junior designer. may have some 
from the draftsman the fellow that 
does nothing but drafting. 


two-year program elemen- 
tary conditioning which student 
engineers (college graduates) 
through progressive training pro- 
gram that includes academic work 
well actual productive engineer- 
ing. completion the program, 
the embryo engineer selects one 
two job choices: (1) Design and de- 
velopment; (2) Supervising. 


Advancements and Promotions 


Most prefer promote 
their engineers through the draft- 
ing room. But when following this 
procedure, the companies must con- 
tinually combat the mistaken idea 
that draftsman has little chance for 
advancement. 

Among the company practices re- 
ported concerning methods force 
for advancing and promoting young 
engineers the following are typical: 


New engineering department em- 
ployee generally receives advances 
salary until has reached the 
position assistant project engineer 
Reviews are made regular inter- 
vals and men doing acceptable work 
are given raise salary. usually 
takes five years after comes with 
the company for man reach the 
position assistant project engineer; 


Bonuses and Patents 


INCENTIVE BONUS PLANS have been put 
force some companies. One re- 
ports that only the top executives 
participate the bonus awards; the 
men the engineering department 
are rewarded only with salary raises. 

similar arrangement exists 
another company except that the 
bonus shared all men who 
receive salary per month that ex- 
ceeds specified amount. The bonus 
based the profits the com- 
pany. offset non-participation 
the bonus plan, overtime paid 
those who are not included the 
plan. Overtime rates range from 


particularly brilliant men make the 
grade sooner. After reaching the po- 
sition assistant project engineer 
further promotion competitive 


basis. 


Merit increases salary are given 
recognition inventiveness. 


Designers may get more salary 
than their supervisors. Often able 
designer who has inclination to- 
ward administrative work more 
value the company than his super- 
visor and paid accordingly. 
avoid strained personnel relations 
when designer reaches the point 
where his pay equals that his 
supervisor, one company 
moved out the department and 
placed directly under the vice presi- 
dent charge engineering. 


nothing one and half times 
base pay and are approximately 
inverse ratio the salary received. 

One company immediately pays 
$25 for any patent disclosure that 
appears desirable and patent- 
able; when the patent issued 
additional $75 paid the em- 
ployee. the company uses the pat- 
ent their product, royalty 
paid the inventor. the company 
licenses outside manufacturer 
incorporate the patented device 
his product, the inventor given 
percentage the licensee’s payment. 
The patent may cover only small 


item the licensing agreement 
the inventor receives proporti 


amount the license payment: 
the patent does not concern the 
uct the company, the 
may give the patent rights 
man who made the invention. 

encourage inventiveness, 
company not only pays $100 
mum for any patentable inventi 
made their engineering dep: 
ment employees, but also distribu 
annually brochure publicizing 
inventors and their patents. 

Another company pays one 
for inventions offered for patenti 
$25 when the patent applied 
and additional $100 when the 
ent issued. 

From percent the roy: 
ties received from patents are 
tributed one company the 
ployee who responsible for the 
vention. The inventor, however, 
paid only one dollar the 
associated with product that 
company has been commissioned 
develop. 

nominal fee for patent rights 
paid one company, but design: 
and engineers get the prestige 
holding the patent. Occasionally 
and all are recognized 
tors their assignment patent 
the company. 

Individual engineers are not 
ored for their inventiveness 
company for two reasons: (1) 
one man given preferential treat 
ment for unique design, has 
found that many men will keep 
ideas themselves thus blocking 
operative effort and spoiling tear 
work; and (2) Often 
assign patent that results fro: 
the associated efforts several 

The responsibility for the success 
ful operation the patent 
system, one company, vested 
the vice president charge 
neering and the patent board. 
patent board, which 
president the company and the 
sponsible heads engineering, man 
ufacturing and sales department 
reviews all the patent 
submitted, and decides which are 
ceptable. acceptance the 
disclosure, the engineer 
submitted receives $30; issu- 
ance the patent receives 
additional $60 reward. 
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GERMAN TWO-DOOR CONVERTIBLE OPEL SEDAN now production again. 


esearch and Development Programs 


Position Industrial Markets 


FRANKFORT—Carefully integrated 
programs for research and develop- 
ment the academic and industrial 
levels are helping Germany regain 
its position commercial markets 
throughout the world. Outstanding 
new desi igns many products are out 
the drawing- board age. But re- 
lease and production has been 
held pending the signing 
treaty between the Allies and Ger- 
many, and the expiration the Allied 
Milit ary Security Board. 

the academic level, the Max 
Planck Society for the Promotion 
Science the successor organization 
the defunct Kaiser Wilhelm Institute. 
Head the present organization 
Prof. Dr. Otto von Hahn. The society 
was founded February 1948 Goet- 
tingen and first included only the 
institutes the British and American 
1949, the former Kaiser Wilhelm In- 
stitutes the French zone were in- 
corporated into Max Planck. 
contact exists present with the in- 
stitutes the Soviet zone Germany. 
Individual institutes now part the 
“Research Group and the 
“German Research Institute” Berlin 
are scheduled join Max Planck 
the near future. 

The final liquidation the Kaiser 
Wilhelm Institute and the transfer 
its assets Max Planck was agreed 
upon April 1951. Aims and prin- 
ciples Max Planck are the same 
those the Institute. The directors 
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the Max Plank Institutes operate 
under conditions complete academic 
freedom and are not limited either 
choice method execution their 
scientific work. 

1949 the eleven the 
Federal Republic agreed method 
joint support for Max 
Planck. For the budget year 1952, the 
Minister for Finance the Laender 
have voted total million 
for the institutes. 

Germany now has seven technologi- 
cal institutes, located Aachen, Braun- 
schweig, Hanover, Darmstadt, Karls- 
ruhe, Stuttgart and Munich. Each 
school has enrollment between 
and 5,000 students. Main em- 
probably because the physic 
struction cities and plants 
has been the most urgent post-war 
task. Rectors the schools agree that 
standards are again high they 
were prior 1933 Greatest problem 
that financial support; most 
schools operate under extremely tight 
financial conditions and often cannot 
buy either textbooks equipment 
they need. 

Leading German companies have 
actively re-established their 
search and development departments 
They realize they were cut off from 
outside contacts for the better part 
decade and must now get out and 
hustle they want catch up, 
especially the overseas market. 

German engineering design has thus 
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orders, even after the 
expires, are expected German man 
facturers. But machine tools 


field are still largely 
make. 

The German engineer 
and businessmen that 


produ are designed 
the export market The prod 
which sell well domestically, 
ally such quality and design that 
they broad. typical example 
the German Volkswagen 


car) which, with its air-cooled motor 
finds ready market not only 
many and Europe, but Asia, Afri 
and South America, well 

fields, like optics, German 
tion for quality that sells the product 
rather than special “design for 
port. 

Queries German scientific and 
technological work areas not now 
receiving much attention the 
are answered most 
fashion. This probably indicates that 
the Germans are working some 
usual specialties. But recent cases 
industrial espionage have caused many 
German firms become very reserved 
and careful when answering queries 
this type 

new active rud 
der for all sizes has been 
signed the firm Preusger 
This rudder allows ships turn 
their own axis, and has military 
lications some importance 
tion plans are inished but actua 


far been along tairly On tional lines 
shortage steel, and otl 
sure toward the use 
ul 
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until the contractual 
tween Germany and the 
signed and the Allied Military Security 
Board has expired. 

Along the same lines, new and 
revolutionary system fuel injection 
for diesel engines supposed 
have been designed. The new 
method said double the power 
and capacity diesels. The new en- 
Mannheim, after the 
curity Board has ceased 
also hinted that new methods 
saving weight ship construction 
were being developed. But further 
details are available. 

The only organization which can 
now properly called Krupp Es- 
sen locomotive works employing 
about 2,000 men. The firm working 
export orders for Pakistan, India 
and several South American countries. 
The balance the huge Krupp con- 
cern has been decarterlized 
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working 
basis. The coal holdings Krupp 
work under the Allied Coal Control 
Group. 

Opel, General Motors, are concen- 
trating passenger cars (the Olym- 
pia) and trucks. startling develop- 
ments are reported, other than the fact 
that the new Opel Olympia need 
longer “broken in” but 
driven maximum speeds from the 
day the car leaves the plant. 

Allgemeine Elektrizitaets-Gesell- 

schaft, the design activity spread 
over tremendous range products. 
Just about everything that electric. 
The Society German Engineers 
(VDI) again exists pretty much its 
prewar form. Present membership 
around 28,000. Headquarters the 
society are Duesseldorf, where the 
society owns its own publishing house. 
They publish newsletter well 
monthly magazine. is: 
Deutscher Ingenieru Verlag, Duessel- 
dorf, Prinz George Str. 


ENGINEERS THE NACA LEWIS FLIGHT PROPULSION LAB use this servo 
board lay out special instruments that they design. Made metal, wide 
long, the table has holes spaced one inch intervals. use the device, the 
engineer assembles the components the instrument around the table. trial and 
error, fits the parts together, securing them bolts, through the table top. The 
completed instrument then measured see meets the specified dimensional 
limits. The lab claims that the servo board has saved many hours instrument design 


Aero Medical Association 
Hears Design Suggestions 
Reduce Crash Deaths 
WHAT DESIGN FEATURES would 
crease the chance passenger 
case airplane crash? Dr. 
ward Baldes the Mayo Clinic 
James Ryan General Mills Aero 
nautical Research 
this problem and reported genera 
terms the annual meeting 
Aero Medical Association. 

They found that impact was fre 
killer and made these recommen 
reduce it: The forward one 
third the fuselage should 
designed absorb the energy 
impact crash. This construction should 
strong that the 
caused the impact will less thar 
the maximum that humans can tolerate 

The researchers also urged engi 
neers make the under portion 
fuselage flexible enough absorb the 
impact forced belly landing; and 
consider the use parachutes from 
the tail lessen impact. 

They concluded that seats are 
most important factor 
plane. They should face backward 
present seatbelts are used. the seats 
face forward, new seatbelt and har 
ness should designed connect 
vertical supports that are integral parts 
the fuselage’s tubular structure. 

With these design features integ 
rated into the airplane, the next 
for decreased crash fatalities proper 
fire 

Baldes and Ryan also recommended 
that every airplane should carry set 
instruments its tail that events 
leading crash can recon 
structed investigators. They clain 
that under present conditions, there 
often evidence left separate 
human, mechanical and natural factors 
air disaster 


Details Coal-Burning 
Locomotive Gas Turbine 
Revealed American 
Power Conference 
John Yellott and Peter Broad 
ley Bituminous Coal Research Inc 
reported the American Power Con 
ference that they had completed pre 
liminary testing 4,250 coal 
burning locomotive-type 
power plant. Results the tests 
dicate that minor modifications would 
make such power plant 
with oil-burning turbines. 

The researchers used six-stage 
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rpm and maximum inlet tem- 
npressor coupled its intake end 
the turbine shaft, while the dis- 
irge end the rotor drives the four 
ar. Three auxiliary generators are 
driven secondary gears. Tur 
and compressor shafts are sup- 
orted three sleeve bearings. 
pump driven through the 

duction gear supplies lubricant. But 
mmen luring stopping starting periods 
ikes over. Heat picked the oil 
should turbine uses NEW MAGNETIC AMPLIFIERS. One the left for 400 cycle 
immediately above the turbine duty; one the right for cycle system. Both operate 115 Half-wave 
thar xhaust that the weight and operation cuts size percent conventional magnetic amplifiers. 

provides the necessary Magnetic Amplifier Uses Half-Wave Circuitry 
orb the between the turbine and regenerator. 


and 
from 


Since the unit burns solid fuel, 
ash separator. This consists 


ten-inch diameter Dun- 


needs 
mainly 


NEW MAGNETIC AMPLIFIER using 
circuit based half-wave operation 
has been developed the Magnetics 


the power frequency instead 
four cycle delay found con 


ventional Magnetic amplifier circuits 


lab tubes mounted parallel. Ash Division the Naval Ordnance Lab experiments confirmed this. 
Eee Tit u r ik ‘ ¢ 
tangential blow-down line prevent looks for use the overcame some 
and plugging the separation equip- the performance conventional mag- servos. was 
And the for which other magnetic first the second stage without 
burner surrounds the oil plifiers are frequently too slow re- 
proper head the combustors amplifiers have matched used the second stage 
mi d I le 
ignition respects the performance vacuum direct coupling stages and vol 
mended power plant designed use tube units. However they not control, the control windings hay 
that needs drying and pulverizing they have low maintenance and re- only turns 
After evaluation tests were run using placement costs, and are highly this circuit, two 
oil, the plant was operated for 178 able. replace the four 
the high volatile During the development, studies ventional 
Combustion efficiency determined showed that half-wave circuitry should the amplifier half that 


ash analysis was consistently above 
percent. full load, 4,400 out- 
put, turbines efficiency was 
cent; compressor efficiency was 84.0 
percent; and regenerator effectiveness 


have delay more than one 


conventional circuits 


Army QMC Develops 


pigment coatings black paper 


Each 


ine well coal did with oil and, Fast Working temperature. the prope tempera 
casual observers were unable tell Temperature Indicators ture, the white coating melts and dis 
whether the plant was burning oil appears into the black porous paper 
coal. PAPER THERMAL INDICATORS capable The change from white black 
Broad Minor mechanical difficulties were instantly determining temperatures not reversible and constitutes per 
Inc encountered including hot air leakage from 115 500 have been de- manent record the temperature 
ver Con the turbine inlets and rubs in- the Army Quartermaster Advantages these indicating 
creasing severity. These have been Corps QMC designed the indicators include reporting 
coal orrected for future tests. When the initially measure thermal radiation definite temperature. Also they 
turbine was dismantled, internal in- from atomic blasts, and found used color-blind persons and 
tests pection revealed deposits ero- useful testing the performance are made 
would sion the blades. gasoline engines, motors, heaters, available. Testing was 
The power plant undergoing appliances. the Research and Development lab- 
750 high-temperature, high load Inexpensive and readily disposable, oratories the Philadelphia Quarter 
stage test evaluate the improvements. the new indicators consist white master Corps Depot 
ay, Propuct May, 1952 
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Ceramic Thickness Gage Permits Accurate Determinations 


THICKNESS CERAMIC COATINGS 
applied non-magnetic materials can 
measured within 0.0005 in. 
new instrument built the Ryan 
Development Lab. Designed the 
National Bureau Standards, the new 
mination and can used with curved 
surfaces well flat areas. 

Operation the device depends 
the change inductance coil 
metal surface. The metal acts 
short circuiting device that critically 
affects the inductance over short 
distances. Presence the ceramic ma- 
has appreciable effect the 
field the frequency used. 

The instrument two 
parts: plastic test head which 
ctance balance indicator 
which galvanometer Pro- 
truding through the coil slender 
plastic rod that attached dial 
indicator gage. This rod free 
move axially and its displacement 


indicated the gage. The inductance 
balance unit incorporates 
ance bridge that can 
potentiometers bring the galvanom- 
eter zero reading when electrical 
balance attained. 

testing coatings, the first step 
calibrate the instrument with 
uncoated sample the same metal 
that which ceramic coated. The 
probe coil placed against the metal 
surface with the plastic feeler rod 
contact. The dial indicator set 
read The current turned 
and the inductance the coil estab- 
lished reference adjusting the 
bridge until the galvanometer also 
reads 

The coil then transferred the 
surface the ceramic coated part. Its 
distance adjusted until the galvan- 
ometer reads This will occur 
when the coil the same distance from 
the conductive metal was when 
the calibration was made. this 
point, the feeler rod displaced 
amount equal the coating thickness. 


Foreign Machines 
Dominate Tool Exposition 


FOREIGN MACHINE TOOLS dominated 
Industrial Exposition held con 
junction with the Annual Meeting 
the American Society Tool Engi 
neers Chicago. Largest exhibitor 
the show was the Cosa Corporation 
which displayed over foreign ma- 
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chines. Interest these machines was 
sharpened the continuing long de- 
liveries American machine tools. 
German and Swiss units made the 
biggest impression industry ob- 
servers. The Swiss made Dixi Horizon- 
tal Jig Borer guarantees 
accuracy 0.0002 in. for all opera- 
tions. this machine all coordinate 
dimensions are set large dials and 


adjusted with the aid optical 
SCOpC 

Several Peter Walters’ tools, ¢ 
man manufacture, were 
One, vertical honing machine, 
ates with cast iron lop and spe 
abrasive. Tool diameter adjusta 
increments 0.0001 millime 
Another Wolters machine displa 
was two plate rotary lopping 
chine. Both plates are 
The upper can swing complet 
out the way permit the 
used plain flat lop. 

The Sensitat Universal Lathe, 
Heid, Vienna, incorporates unus 
electromagnetic tracer following dri 
capable direct and out 
Ways are not hardened, but are 
inverted vee type and are filled 
oil all times. Lead screw and 
are inside the bed which covered 
telescopic steel plate. The 
and steadyrest operate separa 
set ways disposed vertically 
back the machine. 

One French machine that attracted 
considerable interest was 
lathe with hydraulic copying attach 
ment. Designed for carbolic tooling 
has speeds from 2,000 rpm 
Ciutch and brake are foot operated 
leaving both hands the operator 
free. The copying attachment permi 
the use both front and rear tools. 

Other foreign built units that wer 
displayed came from Great Britain 
Canada, Denmark, Belgium, and 
American manufacturers 
indicated trend toward more auto 
matic production equipment sup 
plant dependence human variables 

The Tool Engineers’ meeting was 
highlighted the presentation the 
largest number technical papers 
the history. 


NBS Reports New Data 
Ductile Cast Iron 


STUDIES MADE the National 
reau Standards indicate that adding 
certain materials iron has neglig 
ible effect forming nodular 
While both cerium and magnesium 
have been used successfully produce 
the nodular structure responsible for 
the ductility and superior strength 
modular cast iron, NBS 
searchers tried adding magnesite, iron 
sulphide, 
molybdenum, and boron. Besides 
different additives, the investigati 
considered such variables compo: 
tion, melting and pouring temper 
tures, and cooling rate. 

this study, completely nodul. 
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was obtained only iron con- 


ing rate casting 


left the spray gun and the instant 


ning Magnesium excess 0.03 wedge-shaped bars. The cooling rate, hit the car body. The solvent portion 
rcent. The researchers near the apex the wedge, the thinner had higher boiling 
types nodules, radial and struc- was observed intervals along the that, while drying, the lacquer 
reless. And, the structureless types means thermocouples. film the body had tendency 
equently had crystalline flow slightly. 
with magnesite, magnesia, and The new thinner does away with the 
other additives were essentially tendency the finish “orange 
Oval irregular patches Low-Boiling-Point the formation surface which 
not true nodules were ob- has porous roughness like that 
Ct es in iron treated with magnesia Lacquer Thinners an one peel. Formerly orange peel 
ron sulphide, and boron. Only few Improve Auto Finishes had removed time-consuming 
nodules were observed surface polishing 
treated specimens, but this was prob- GENERAL RESEARCH LABO- While requires different tech 
because the rather small applied new concept and adequate drying facilities, 
calcium other thinners and improved the new lacquer improves the surface 
have reported 100 percent nodular and results applying lac- smoothness, requires 
graphite structures irons having quer automobile bodies. and fewer coats lacquer. Costs 
higher than were the past, thinners have been for- special training given operators 
obtained this investigation. mulated that both the solvent more than offset savings 
Initial with the diluent evaporate the same getting rid polishing rations 
the nodulizing agent used com- (The diluent used only help re- 
mercially pure magnesium. However, viscosity). result, both were 
the violence the reaction throughout the time the lac- 
pure magnesium and molten iron set and dried. 
close control these early melts dif- from the IRON AND STEEL gives 
ficult. scientists abandoned this idea and developed lacquer which metal all the properties alu- 
ach method addition and added the the diluent portion the thinner had except weight, practically 
They determined the effect between the time the lacquer American Mollerizing Co. And the 
ted coating resists atmosphere corrosion 
ato better than galvanizing. coat steel 
with aluminum, the process uses 
standard electric salt bath furnace with 
molten aluminum floating molten 
ain salt. The steel dipped through 
aluminum until reaches the 
rers the salt and then 
the aluminum aids the bonding process 
les Low carbon steel the easiest metal 
was coat; cast iron, high carbon 
the and certain other alloys cannot mol 
lerized with this method. 
Society moved its offices from 
Jenkintown, Pa. the American 
Editorial and business offices 
lu! 
luce COMPRESSED PURIFIED AIR with 
volume the secret the Flam 
Seeper, Egyptian fire fighting 
vention. The inventors claim that 
NEW SURFAGAGE for measuring the “roughness” precision parts was described 
engineers. Capable detecting scratch small one millionth inch, this Components the 
portable instrument uses vacuum tube 5/16 in. diameter and one inch long its oxygen 
main element. Elements the tube can moved relative each other causing driven 
voltage changes. Movement produced diamond stylus drawn hand across the engine and cylin storing 


surface checked and connected the tube through liquid high viscosity. Tests are planned Paris, Fra 
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DOW CORNING CORPORATION 
Dept. No. R-17, Midland, Michigan 


Silastic Facts No. 
properties and performance 


List Silastic Fabricators 
Name 

Title 

Company 

Address 


City Zone State 


EE 
be 


HESE hot air shut-off valves for 

jet planes must give positive con- 
trol hot air used for such vital 
functions defrosting, anti-icing and 
the regulation cabin air tempera- 
ture and pressure. Silastic O-rings 
withstood 3000 cycles 500°F. plus 
2000 cycles 600°F. plus 100 cycles 
700°F. before life-tests were dis- 
continued. 


temperatures ranging from —100 
over 500°F., Silastic shows extra- 
ordinary resistance compression set 
permanent deformation. Extreme 
temperatures, shock and vibration, hot 
oil, oxidation, corona, outdoor weath- 
ering and the mere passage time 
have little effect the proper- 
ties Silastic. 


Silastic is, therefore, the best resilient 
gasketing material available for hun- 


4 


dreds applications ranging from 
seals for domestic steam irons 
rings and gaskets for cylinder liners, 
water ports and oil pans diesel- 
electric locomotives. And Silastic 
Tape the only resilient insulating 
tape that will withstand Class tem- 
peratures electric motors, transform- 
ers and coils. 


That’s why design and production en- 
gineers specify Silastic for applica- 
tions where other resilient materials 
are subject rapid failure. 
found that, among rubberlike mater- 
ials, nothing compares with Silastic 
for reliability, long life and low main- 
tenance costs under tough service con- 
ditions. 


ATLANTA 
CHICAGO 
CLEVELAND 
DALLAS 

NEW YORK 
LOS ANGELES 


DOW CORNING CORPORATION MIDLAND, MICHIGAN 


Wac NIGTOR 
WASHINGTON, D 


In Canada Fiberglas UC 


England: 
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Rotational inertia important calculating the accelera 
tion time requirements many machines 
One simple experimental way find the WR? rotor 
means the pendulum method. the rotor 
remains its frame and suspended the bearings. 
attached the shaft and set into motion 
The assembly made swing with amplitude suf 
ficiently large permit the timing least 
ably complete swings; this range necessary reduce 
the effects timing inaccuracy. large starting angle 
often required give enough energy overcome 
damping caused bearing friction. 

Large angles swing not follow the laws simple 
harmonic motion. Consequently, necessary convert 
the experimentally determined period the swing 
equivalent simple harmonic period the relation: 


The conversion factor obtained from Fig. 
curves are based the deviation averaged over the 
between the angle the beginning and the end 
the timing period. See Fig. 1(A). 

Values from several trials are averaged get 
the period which used the equation: 


Ib. ft?) (2) 


Where the weight the pendulum and the 


Protractor 


Determining Rotor Inertias 


the Pendulum Method 


WRIGHT, JR. 


REFERENCE BOOK SHEET 


Case Institute of Technology 


distance feet from the center shaft pendulum 
The right-hand term, wr? the pendulum inertia and 
can also experimentally found suspending 
knife-edge through the collar bore and swinging 
its period shown Fig. 1(B). 


n tne equation: 


Y 


r2 O 


- J?) 


Where the length (in ft.) the pend 
pended alone the knife edge 

1.10 ft. mounted rotor and 


sec. Using Fig. 
gives: 

From (2), Rotor 


2? 


Damping encountered the result bearing frict 


windage does not significantly affect the frequency oscil 
lation. cases where least 

pendulum not more than that the test 
work should yield results with error less than 


25 cycles are used and the 


cent 


keyed fo \ 


rofor s 


(Continued 


an pace 


| 
/ Krife edge 
la \ 
- \4/-a, 
FIG 1 A Yu R “A 


Many America’s leading manufacturers, 
producing wide variety products, are 
benefiting from Auto-Lite die cast research, 
experience and advancement. Such devel- 
opments high pressure casting, special 
alloying practices and improved quality 
through the metals 
make Auto-Lite the logical source supply 
for precision die castings. Address 
inquiries to: 


THE ELECTRIC AUTO-LITE COMPANY 
Die Casting Division 


Woodstock, Illinois 
Lockland Division, Cincinnati 15, Ohio 


600 So. Michigan Ave. 723 New Center Bidg. 
Chicago Illinois Detroit Michigan 


Tune in “Saspense!"’....CBS Radio Menday....CBS Television Tues. 


DIE CASTINGS WIRE CABLE 
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Steel that gives heat 
the 


Yes, hect bounces off the surface Armco ALUMINIZED 
Steel. 900 F., about 80% the radiant heat sent 
against this special aluminum-coated steel reflected. 

Armco ALUMINIZED gives your products good resistance 
combination heat and corrosion too. Generally, 
aluminum melts about 1200 But you'll find the hot-dip 
aluminum coating ALUMINIZED Steel doesn't melt off 
its melting point! 


Seems strange, doesn't it? But there’s good reason. 


COAST COAST 
MORE 


ARMCO STEEL CORPORATION 


2802 CURTIS STREET, MIDDLETOWN, OHIO PLANTS AND SALES OFFICES FROM 


EXPORT: THE ARMCO INTERNATIONAL CORPORATION 


iron-aluminum alloy starts form above 900 
serves good refractory layer 1250 When 
changed alloy the aluminum puts protective 
the steel core supplies the strength. 

your products are exposed temperatures the 
300-1250 range, let give you complete information 
Armco ALUMINIZED Steel. supplied wide variety 
gages and sizes sheets and coils. 


Write the address listed below. 
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Fluid 
Losses Through 
Orifices 


NILS SVERDRUP 


Aerojet Engineering Corp 


ami TPurbu 
dD, D nat lent 
The losses orifices can calculated Edged 0.64 0.62 
the equations: 0.73 0.5 0.64 
where: Bell- 
pressure drop, psi Mouth 
specihe gravity 
coefhcient energy loss 


diameter orifice, in. 


the relationship: 
ive 
(3) represented graphically above. The 
Instead solving Eqs (1) (2) for Short 
ING April 1951, 152 


From the table, C,, chosen 0.95 
and the graph shows that 0.108. Then 


solving (1): 5.15 psi. 


| 
a 
1 
| 
C,, Coefficient of Ve Au 
[ype of : Ve- 
Contraction locity Discharge 
G 
' 
7 
| | 
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Shaft Position 
Indicator With 
Digital Output 


This 
indicator system rapidly and accurately 
detects the angular position rotat- 
ing shaft, and converts the resulting 
indications digital representation. 
uses magnetic recording mecha- 

times second, the 
shaft. Other 

dication digital 

Accuracies better than one tenth 
degree are possible. The measure- 
ments may sent another location 
and displayed visual indications 
digital form, put magnetic tape, 
punched tape, punched cards for 
future analysis. 

The shaft monitor consists two 
major components: electromechani- 
cal locator unit which couples the 
reference shaft, and electronic con- 
verter unit. 

The locator contains rotor plate, 
which mounted magnetic writ- 
ing head, and magnetically coated 
disk which driven relatively 
constant speed electric motor. 
magnetic reading head and erase 
sol mounted near the 
riphery the disk. permanent index 
track with 500 index marks attached 


shaft monitor, shaft-position 


olten as twenty 


position of a reference 


enoid are 


Wer ng head, 


Magnetic rmark~. 


Magnetic disk 


shott’ 


Magnetic mark “written” revolving magnetic disk 


the disk and rotates with it. 
separate magnetic reading 
mounted adjacent the index track. 

The converter constructed 
single electronic chassis and contains 
amplifying, frequency multiplying, 
shaping, delay, and all necessary con- 
trol circuits. The unit turret 
type construction, which all the 
parts associated with each stage 
the converter are contained plug- 
can. This eliminates circuit tracing 
problems. 

operation, the input shaft 
the locator mechanically coupled 
the reference shaft. Therefore, the 
position the writing head any 
time corresponds the position 
the reference shaft. the instant 
that the reference shaft position 
determined, the writing head puts 
magnetic mark the magnetic disk. 


track 
reading head 


Magne hie rnark 


wo 


Readout train pulses generated 
the index track reading head 
initiated the “write” pulse. The 
index pulses appear the output 
the shaft monitor until the reference 
mark passes the reading head. 
number pulses the pulse train 
represents the shaft position the 
time the read signal 
system application, this pulse train 
fed coding unit where the pulses 
are coded decimal digit form. 

The locator drive motor preci- 
sion synchronous type rated 1/20 
hp, 115 single phase, cycle, 0.9 
ampere. The converter power input 
115 single phase, cycle, 600 
filament supply). 

Engineering earch Asse 


1902 Minnehaha Ave., St. 


Erase magnet 


ing head detects magnetic mark and stops index pulse train, the 
length which represents time time magnetic mark 
was written and read. Erase magnet energized for one rev- 
olution magnetic disk, preparing disk for next reading. 


instant read signal initiation. Index track reading head 
generates train index pulses. Converter triples frequency and 
shapes pulses which appear output Shaft-Monitor. Read- 
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SPECIFIED PRODUCT ENGINEERS 
Heavy Duty Elevator Pump Has Quiet Operation 
This heavy duty, high capacity, 
hydraulic elevator pump has three rated 
capacities 300 psi. 1,800 rpm 
the output 110 gpm; 1,200 rpm 
gpm; and 900 rpm the out- 
put gpm. Maximum quietness 
obtained the reduced speed. 
The pump has three pairs equal 
sized helical pumping gears. Their 
relatively small diameter gives low 
tooth velocity. The length the gear 
provides long wrap around the 
tooth form, and the low helix angle 
gives minimum end thrust. This de- 
ated sign achieves efficiency and quietness 
operation with uniform flow. 
The accurate finish the gears produced 
crossed axis laping which makes 
the pumping elements easy running 
The and mechanically quiet. 
The high lead bronze sleeve bear- 
the ings that support the drive shaft have 
ted circulating oil grooves for 
rain lubrication. The stationary idler shaft SHOW THE MODEI 2k110 with capacity 110 gpm 1,800 rpm. The drive 
Ises made and shaft hardened steel, and the idler bronze, flat the bottom for lubri 
cation channel. The built-in relief valve easily adjustable over wide 
two larger sizes the bearing spacers 
/20 cast iron with bronze inserts which 
0.9 align the sections the pump case, 
and give additional bearing for 
the shaft. all models the bearing 
y); loads are evenly distributed 
The built-in relief valve 
able over wide range, and has high 
inating the piping necessary for ex- 


ternal relief valves, the built-in valve 
saves space, assembly time, 
duces the possibility hydraulic noise. 
They operate without chatter, and pro- 
tect the system from overload. 
special venturi suction and 
pumps reduce turbulence 
prove efficiency. The action the 
venturi causes the flow form the 
oil spread out across the full width 
the pumping gear and completely 


< 


fill the tooth spaces. The shape 


the openings coordinates the oil 
Shown the illustration the Psi 
the model 2K110 pump with built-in re- 
lief THE GRAPH SHOWN for the model 2k110 elevator pump with three pairs equal 
PUMP helical pumping gears. Other models available are the 2K80, the medium size 
ing. 300 oil 100 with pairs pumping gears and gpm capacity, and the 2K50 with two pump- 
George Roper Corp., Rockford, gears and gpm capacity. The built-in relief valves reduce hydraulic noise 
' 
CONTINUED PAGE 240 
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Immersion-Proof Switch With 
High Pressure Plunger 


Equipped with high-pressure actuating plunger built 
break away heavy ice formations either direction 
plunger movement, the model X-101, immersion-proof, air- 
craft, precision switch, shown bottom, said give 
reliable performance under all environmental conditions. 

The switch assembly made standard AN- 
3210-1 AN-3216-1 precision switch mounted 
aluminum housing sealed against entrance moisture. 
The electrical connections are brought out terminal 
block having five terminals with binder head screws. 

Other characteristics the X-101 are: operating force, 
force for full overtravel, release force, 
pre-travel, in.; overtravel, in.; differential 
travel, in.; weight, ounces. 

Also classified all-weather switch the model 
precision switch, shown top, which being used 
aircraft landing gear and flap controls. 
also 


This switch is 


The switch designed for single-pole, double-throw 
service current rating amp resistive load 
d-c. O-ring seals that will withstand pressure dif- 
ferentials psi prevent entrance moisture. 

The sealed overtravei plunger built break away 
ice accumulations either direction travel. Actuating 
Movement characteristics are: pretravel, 0.093 in. max; 
overtravel, 0.187 in. differential, 0.032 inch. 


Maxson Corp., Unimax Switch 


ALS PARTS 


500 Volt Megohmmeter for Insulation Testing 


1 


The simple operation this type 1862-A megohmmeter 
makes possible get fast insulation 
resistance well general resistance testing. turning 
switch, the resistance read directly from 
meter and the setting 

The range this meter, from 0.5 megohm 2,000,000 
megohms, great enough make useful for testing 
insulation rotating machinery, transformers, cables and 
household appliances. Six decade ranges are used and 
cach decade covers about percent the meter scale. 
relatively low resistance the megohmmeter circuit 
makes the rapid measurement capacitor leakage resistance 
major application 

constant test voltage 500 applied the 
resistance under test per ASTM Standards 


al 
Insulating Materials, D257-49T. The discharge position 
the multiplier switch removes all voltage from the 
terminals. Separate guard and ground binding posts are 
used for making three-terminal resistance measurements. 
The type 1862-A megohmmeter has been designed for 
field well laboratory applications. The entire instru- 
ment heavy construction and uses completely enclosed 
carrying case. The size and weight have been kept small, 
and operation direct from the a-c power line 
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General Radio Co., Ave., Cambridge 39, Mass. 
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for precision performance! 


this 
RING SEAL 


Investigate PRP 
Ring Seals now. Write, 
your letterhead, for 
your free copy our 

Ring Handbook. 


synthetic oil-resistant Ring effects positive 
pressure seal between the two mating surfaces this 
HANDLE-BAR UNION made CLAYTON MARK CO., 
EVANSTON, ILL. 

Hand tightening the nut holds pressure. actual serv- 
ice, the nut tightened sufficiently safeguard against 
the effects vibration. The Ring will not drop out 
when the union disconnected and replaceable 
very low cost. 


Rings 
meet all 
Standards 


Precision-made PRP Rings are recommended for 
cementing, mud, crude oil, lube oil, natural gas, and water 
services they work efficiently acidizing fuel oils, 
kerosene and gasoline. 

Space saving, leakproof PRP Ring Seals are solving 
countless design and production problems for industry 
day. Write now learn what PRP Engineers can 


help make yours better product lower cost. 
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Ring 
Oakridge Drive, Dayton Ohio 
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Precision Air Powered 


Torque Tool 


‘ 


new air-powered nut runner, power torque tool, model 
MA-25, gives exact torque control the 0-25 range, 
with special gearing making possible extend this torque 
range in.-pounds. The exact torque easily set 
using the built-in torque wrench gage. 

This tool used production jobs where too much 
torque would cause breakage distortion light metal 
parts, castings, plastic. The torque tool said 
percent torque limits, and would eliminate 
need for hand torquing inspections. 

used nut runner; when the pre- 
determined torque reached, stops automatically. 

The illustration shows the power-torque-tool opera- 
tion, driving nut the housing stud fractional horse- 
power fan motor. The tool adaptable horizontal, ver- 
tical angular operation; quick-change type wrench 
adapters are available. 

The complete unit includes remote control box contain- 
ing solenoid valves and control switches 


By Inc B x 536, uth Be nd 24, Ind. ° 


Armor Cable Protects Hydraulic Control Lines 


flexible, protected, multi-tube transmission line now 
being used prevent damage hydraulic control circuits. 
in. aluminum copper tubing gathered slow 


continuous spiral, similar the construction rope The 


tube bundle first wrapped water-repellent insulating 
tape; then encased heavy, rust-resistant, galvanized steel 
strip like that used for electrical cable. 


Its features are: protecting instrument and control lines; 
conserves space; installation time and costs 

Available bundles and tubes, this cable 
ipable handling hydraulic control pressures high 
psi and all ranges pneumatic control pressures. 
Standard electrical junction boxes may used. 

The armor tube shipped random lengths ap- 
store returnable reels. The O.D. 
the cable containing tubes 1.32 inches. The weight 
0.85 Ib/ft for aluminum, and 1.45 for copper. 
Minimum bending radius inches 


ty 
proxima 


Meter 1050 Rd., Cleveland 10, Ohio 


Silent Air Valve For Heating Systems 


new steam air valve works tion disks steam pressure; (2) the valve full steam; (4) After 
new principle, and measures only enters the valve, the moisture the steam subsides, and the system goes 
in. in., less than quarter the steam starts swell the disks; (3) vacuum, the disks dry and 


the size conventional air valves. The disks are sized and such mate- and are ready for another cycle. 
Operation follows: (1) Air rial that they will not completely seal Taco Heaters, 137 Sonth 
forced out between special composi until all air has been forced out and Providence 
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DESIGN-ENGINEERED PACKINGS 


A 
er 
GET THIS "PACKINGS 
STANDARDS” BOOK! 
ic, 
Latest edition this Houghton 
publication—accepted 
mailed without cost you. 
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products 


takes 


give you the perfect seal! 


All the time and skill you put into the design 
hydraulic and pneumatic equipment can undone 
the packings fit improperly wear excessively. 
machine can more efficient than its 
—the packing inside! 


why make sure that Houghton packings are 
design-engineered. And continuing research guaran- 
tees the finest materials and craftsmanship. 


The Houghton line offers you packings for practically 
every need. Our Vim leather packings include cup, 
flange, and types for oil, air, water gas 
pressures. Our Vix-Syn synthetic rubber packings 
—both homogeneous and fabricated types—include 
gaskets, adaptors, and O-rings with back-up washers. 


Talking over your packing problems with the 
Houghton Man can big step towards product 
Philadelphia 33, Pa. 


VIM and VIX-SYN PACKINGS 


Ready give you 
on-the-job 


\ \ . 
~ 
' 
' 
' 
2 $3 
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Electrical Noise Generator Aids Measurement 


Properly controlled electrical noise 
has been found useful signal, 
and has made possible new approach 
measurement problems. Typical ap- 
plications the new type 1390-A Ran- 
dom Noise Generator include room 
measurements, loudspeaker 
and microphone tests, psycho-acoustic 
filter tests, calibration checks 
recording systems, observations 
resonances averaging 
resonant responses, comparisons 
effective band width, 
measurement multi-channel systems. 

magnetic field the noise source. Two 
filters make possible have 
open-circuit Output voltage one volt 
the three frequency ranges, extend- 
ing from cycles kilocycles, 500 
kilocycles, megacycles. The normal 
gaussian distribution amplitudes 
good with only moderate clipping 
the 500 and rariges. 

panel output control 
meter used the generator and 
low 


acoustics 


tests, 


levels 

quired it Wi possible to use an 
external type 700-P1 voltage divider. 


The broad frequency spectrum 
the noise generator useful for meas 
uring the response circuits and sys 
tems place the usual sine-wave 
generator. For many these appli- 
cations, the noise source more nearly 


approaches normal operating condi- 

tions than does the older system. This 

approach said useful testing 
recording systems. 

General Radio Co. 

275 Ave., Mass. 


Measures Static, Dynamic, and Total Unbalance 


With single control, this balancing 
indicate the 
complete unbalance 
part 
Stroboscoy Cc pl ks o it the position and 
ates the 
each the tion 
planes, all in the spa e of two seconds. 
Using only endless belt drive, 


machine can set 
dynamic, 


any rotating 


the meter indi value un- 


alan two corre 


the work piece any desired speed. 
The V-type take all shaft 
The bearings 
are also adjustable take care work 
pieces with different diameter 
on opposite ends The 


are mounted hall bearings, and give 


bearings 


with perfect fit 


1 
WOrK § Ip} 


freedom movement any dire 
such the end thrust fans and pro 
pellers. Any lateral rotational move 
ment indicated. 

The control dial 
electronic magnetic, Piezo electric, and 
mechanical types. Two simple settings 
this single dial determine the static, 
dynamic, and total The 


control dial may operated front, 


swung around the rear 


The Mfg. 920 


ANTE 
Spri treld 
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For the full piping story... 
Turn your CRANE Catalog 


never against piping problem long when you reach 
for your Crane Catalog. this one valuable book you'll not 
only find unequaled selection quality piping materials— 
but the specification data you need. For each item, Crane lists 
sizes and dimensions, pressure and temperature ratings, and gives 
complete design, material, and construction details. 

addition, there’s abundance general engineering infor- 
mation help you design better piping systems. And it’s all 
there conveniently arranged and indexed save you time. 

But even more important, when you specify Crane, you know 
the finished product will equipped for most efficient flow con- 
trol. And times like these when equipment must work harder 
and last longer, the proved dependability Crane takes 
importance machinery buyer can afford overlook. 


FOR BETTER RESULTS 


For volatile and hard-to-hold fluids, 
Crane recommends Iron Body, Y-Pat- 
tern Diaphragm Valves. fact, you 
can specify this improved 


THE BROAD CRANE LINE Note, Crane design, the diaphragm 


serves but one purpose—secling the 
bonnet. Longer diaphragm service 


life assured. The separate disc 
gives positive shut-off case dia- 


better flow characteristics. Unlined 
fully Neoprene lined. Sizes 


C ‘ 
inches, moderately priced. 
Tuo-Bath TRUCLIEN 
Dry Cleanine Unit by American 
Cleaners | quipment Ca. A Divisson of the 
American Laundry Machinery Co., Cin 


cinnati, Ohio, 


The Complete Crane Line Meets All Your Valve Needs. Why— 
More Crane Valves Are Used Than Any Other Make! 


CRANE VALVES 


CRANE CO., General Offices: 836 Michigan Ave., Chicago Illinois 
Branches and Wholesalers Serving All Industrial Areas 


246 VALVES FITTINGS PIPE PLUMBING HEATING 
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Scale Gives Automatic Cumulative Weighing 


processing controls, scale has been designed give 
automatic cumulative and consecutive weighing. 
uses the device, known the Select-O-Weigh, are said 
unlimited the chemical and processing industries, 
the scale makes possible automatic weighing 
plants having one automatic scale the same work that 
used require twelve separate scales. 


sle 


The heart the scale electronic circuit with 
arcing contacts, making applicable for explosion-proof 
installation. standard type automatic scale used 
the weighing element the system, with pendulum 
dial scale acting the force measuring component. 
large number possible dial scale settings make possiblc 
variety operation well wide range capacities 
for proportioning applications 

master panel for any particular system built 
include many setting dials there will ingredient 
formulae handled, with one dial for each 
possible operate the system for from two 


ingredients. scale operator, who may located 

any part plant remote from the actual weighing opera 
tion, sets each dial the control panel correspond with 
the amounts ingredient his formula. Sequence 


adding materials and their timing are controllable 
After setting the control panel, the start button 
pressed. This actuates the screw feeder mechanism, deliver 
ing the automatic scale the amount material set 
the first control dial, and then stopping. This action 
the scale Then, upon the settings 
the various selections and controls, the scale either dis- 
harges mixer the next ingredient, repeat- 
ing the cycle and adding this ingredient the weigh 
hopper the amount indicated setting the second 
control dial. Again, the pointer the dial moves its 
new position, the material added, and stops the action. 
Control circuits may arranged provide either 
delivery consecutive weights varying amounts, 
total batch pre-selected formula and 
its discharge surge hopper mixer whole. 
Following discharge the automatic scale, tare check 
into operation prevent the scale from 
initiating the next weighing unless all material cleared 
the weigh hopper and the unit empty balance 


Light Weight High Tensile Locknut 


Originally designed for aircraft use, external wrench- 
ing nut has been made that car ipplicd wherev 
limited and high tensile required 


Known the Flexloc nut, combines high 
with minimum size and weight with the tensile 


being In € ess of 1¢ OOO ) 1s per sq inch For 
example, the in. size has num ile 193.700 
lb, but we chs only 0 oO 1 LD one 1 } 
large bearing surface, has poin fit stand 
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ard box socket wrenches for use space 
Because does not have seat lock, the flexloc 


position threaded member. All-metal, one-piece con 
struction permits its use temperatures 550 


The flexloc external wrenching nut 
from inch in. the thread series 


p 


ro\ ed in size 
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series temperature pickups, type 21, measures 
emperatures 1,832 and has high voltage output 
(0-1 volt) its outstanding feature. addition, has 
short thermal time-constant less than one second water. 

These pickups have resistance change ohms over 
their specified temperature ranges and may excited 
with milliamperes, rms. Several ranges between 
212 and 1,832 are standard. The sensing ele- 
ment the type temperature pickup contained within 
tip stainless case. With the ther- 
mal time constant this cased instrument being less than 
second water, may used follow very rapid 
thermal transients. Each instrument has calibration cer- 
tificate, with the units guaranteed have accuracy 

percent full scale. The resistance change linear 
with respect to tempe rature except for the highest ranges 
which have curvature few percent 

The standard instruments are supplied 18-8 stainless 
steel inconel cases, and are suitable for insertion high 
pressure liquid and gaseous systems. Other steels alloys, 
such 316 stainless steel, have been supplied special 
orders for use with corrosive fluids 

The type temperature pickups are said well 
suited for telemetering, recording, and remote indication 
liquid and gas temperatures. The output im- 
pedance low, (approximately ohms) that 
step-up transformer may used raise 
factor ten twenty times. 


ly 
the voltage 


Power thytron control 


continuca 


electric furnaces and telemetering channel inputs, 
possible without intermediate amplification. 
these resistance thermometers may also used actuate 
milliameters and sensitive relays, directly 


Inc., Bedford Airport, Bedford, 


Tight Sealing, High Pressure Check Valve 


new valve, designed specifically for high pressure air 
nitrogen requirements from 3,000 psi, has been 
added line circle seal check valves. Known the 
model 299A-4TT, uses the circle seal principle which 
gives dead tight sealing not only high pressures, but 
very low pressure differentials. Unlike check valves that 
not maintain their seal low pressure differentials, 
the 299A-4TT said protect the pneumatic system 
even when small leaks the system set slight pressure 
differential across the valve. 

The O-rings furnished are 6290 compound molded 
6227 size. This O-ring, durometer com- 
pound, said have advantages over the softer 6227 
compound when used for high pressure gas service. The 
manufacturer says that 6227 O-rings can used for 
emergency replacement, but that their field experience, 
they have never found necessary replace O-ring 
because wear any their circle seal valves. 

The 299A-4TT check valve manufactured aluminum. 


NEW PANEL MATERIAL named Ply- 
ron combines the strength plywood 
with smooth, tough surface hard 
board, and has been used successfully 
for concrete forms, flooring, cabinet 


available. 
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doors, and table tops. 


Larger sizes and thicknesses in. 
Hardboard, 


Hex size, inch 
conforms 6249-4. Operating pressure 0-3,000 psi; 
proof pressure 6,000 psi; 


Operating temperature from -65 165 


Weight, approximately ounce. Length 


and burst pressure over 7,500 


James-Pond-Clark, 1247 East Green St., Pasadena 1, Calif 


Produced compressing wood fibers into 
thin hard sheet, forms moisture 
resistant outer surface. splitproof 
and warp resistant. Douglas Fir Ply 
wood Assoc., Tacoma, Wash 


in. thicknesses. 


. 


which 
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Scale Gives Automatic Cumulative Weighing 


processing controls, scale has been designed give 
automatic cumulative and consecutive weighing. Possible 
uses the device, known the Select-O-Weigh, are said 
unlimited the chemical and processing industries, 
the scale makes possible automatic weighing 
plants having one automatic scale the same work that 
used require twelve separate scales. 

The heart the scale electronic circuit with 
arcing contacts, making applicable 
installation. standard type automati 
the weighing clement the system, 
dial scale acting the force measurin 
large number possible dial scale setti 
for proportioning applications. 

master control panel for any partic 
include many setting dials there 
formulae handled, with one dial for 
possible operate the system for 
ingredients. scale operator, who 
any part the plant remote from the act 
tion, sets each dial the control panel 
the amounts cach ingredient his 
adding materials and their timing 

After setting the control panel, 
pressed. This actuates the screw feeder 
ing the automatic scale the amount 
the first control dial, and then stop 
the scale dial. Then, depending 
the various selections and controls, 
charges mixer goes the nex 

ing the cycle and adding this 
hopper the amount indicated 
control dial. Again, the pointer 
new position, the material added, 
lelivery consecutive weights 
its discharge surge hopper mix 

Following discharge the automat 
initiating the next weighing unless 
hopper and the unit 


Control 


Richardson 


Light 


Originally designed for aircraft use 

nut has been made that can 
limited and high tensile strength 

Known the Flexloc nut, cor 
with minimum size and weight with 
being excess 160,000 pounds 
example, the in. size has 
Ib, but weighs only 0.52 poun 
large bearing surface, has point 
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series temperature pickups, type 21, measures 
1,832 and has high voltage output 
volt) its outst anding feature. addition, has 
hort thermal time-constant less than one second water. 

These pickups have resistance change ohms over 
ified temperature ranges may excited 
with milliamperes, rms. Several ranges between 
ment the type temperature pickup contained within 
spad e-shaped tip stainless case. With the ther- 
mal time const ant this cased instrument being less than 


liate addition, 
ters may also used 


relays, directly. 
Bedford Airport, Bedford, 
Valve 


ounce. Hex size, inch. Length 
Operating pressure 0-3,000 psi; 

and burst pressure over 7,500 

from -65 165 


1247 East Green St., Pasadena 


ide compressing wood fibers into 
thin hard sheet, forms moisture 


sistant outer surface. splitproof 


warp resistant. Douglas Fir Ply 
Assoc., Tacoma, Wash 
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Temperature Pickup Has Short Constant 
SING 


PARTS 


continu 


Stationary Rotating Syphon Revolving Joint 


This new revolving joint, which 
compensates for all roll misalignment, 
requires lubrication and 
mounted with solid piping for use 
the 
rotor and nut, can used with 
flexible hose. 

joints are capable handling 
pressures 300 steam, air, 
oil, gas and other fluids, temperatures 
from minus 100 plus 500 and 
are resistant all known acids. They 
are short overall dimensions, made 
with stationary rotating syphon, and 
come sizes from in. inclusive. 

Rotation takes place the flat 
non porous carbon disk. The 
opposite side this disk ball 
seat which permits the rotating sleeve 
find its own rotating center regard- 
less the eccentricity the roll 
threads. The shape this carbon 
all breakage because the 
event shock would have tend 
ency compress rather than separate 


The seal inside the casing spring 
seated teflon wedge against chrome 
plated surface the face the 


rotating sleeve. This acts ex- 
pansion joint well taking care 
all roll and play. The entire sealing 
assembly complete unit that can 
removed without taking either ro- 
tating member from the roll. 

The revolving joints require 


They have bearings, 
require flexible hose for mountin 

The model has the stationar 
syphon, and the model has 
rotating syphon, which case 
the rotating members will rotate 


Rothern Engineering Co., 


1911 Irving Park Rd., Chicago 


Sensitive Thermostatic Control Switch Units 


letely enclosed protect the 
working parts, the thermoswitch con 
amounts 
temperature changes with sensitivity 
less than 0.1 
regular thermoswitch, when used 
within certain limits, will close the 
heater circuit when the temperature 
the switch unit drops below the 


trol responds to small 


sired value, and opens when the tem 
perature rises above the correct valu 
can only turn the heat 
and off with its 
the voltage, current, tem 
setting, and location the thermo 
switch the system 

The switch constructed with two 
silver contacts mounted on, but ele 
trically insulated from, curved nickel- 
iron struts low expansion coefficient 
This assembly mounted under ten 
sion or compression in a seamless 
brass stainless steel tube. This 
tension compression variable, de- 
pending the position the adjust- 
ing sleeve and the temperature the 
shell. Changes temperature 
the shell to expand or contract, Causing 


emperature Adjusting 


the contacts make break. 

Switches may had regular con- 
struction (the contacts open tem- 
perature rise), inverse construction 
(contacts close temperature rise). 
These types may tension com- 
pression operated. Shown the illus- 
tration the regular, tension operated 
switch. 

Current ratings are amps 115 

amps 220 a-c (heavy duty 
recommended for use above 250 


These switches have been used effe 
tively selenium rectifier power units, 
allowing them operate maximum 
without danger overheat 
ing. The thermoswitch also being 
used control the heating elements 
vapor degreaser. 

The Thermoswitch units can 
justed operate few degrees apart 
with high precision and simplifies the 


method for getting the small time 


lag between the operation the alarm 
and the shut-off system. 


Propuct May, 
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American Brake Shoe Co. ° 
The American Laundry Machinery Co. 
Atlos Foundry Co. 

Banner Iron Works . 

Barnett Foundry & Machine Co. 

E. W. Bliss Co. 

Builders tron Foundry 

Compton Foundry 

Continental Gin Co... 

Crawford & Doherty foundry 

The Coope:-Bessemer Corp. 

Empire Pattern & Foundry Co. 
Farrel-Birmingham Co., Inc. P 
Florence Pipe Foundry & Machine Co. 
Fulton Foundry & Machine Co., Inc 
General Foundry & Manufacturing Co. 
Greenlee Foundry Co. ° 
The Hamilton Foundry & Machine ‘Co. 
Hardinge Company, Inc. 

Hardinge Manufacturing Co. 
Johnstone Foundries, Inc 

Kanawha Manufacturing Co. 

Lincoln Foundry Corp. 

Otis Elevator Co., Ltd. . 

The Henry Perkins Co. . 

Pohiman Foundry Co., Inc. 

Rosedale Foundry & Machine Co. 
Ross-Meehan Foundries . 
Shenango-Penn Mold Co. 

Sonith Industries, Inc. 

Standard Foundry Co. ‘ 

The Stearns-Roger Manufacturing ‘Co. 
Traylor Engineering & Mfg. Co. 
Valley tron Works, Inc. 

Worren Foundry & Pipe Corporation 
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Take YOUR Casting Problem 
MEEHANITE FOUNDRY 


Mahwah, New lersey 
Rochester, New York 

. Detroit, Michigan 

St. Louis, Missouri 

Irvington, New Jersey 

Hastings, Mich. and Canton, O. 
Providence, Rhode Island 
Compton, Calif. 

Birmingham, Alabama 

. Portland, Oregon 

, Vernon, Ohi Grove City, Pa. 
. Tulsa, Oklahoma 

Ansonia, Connecticut 

Florence, New Jersey 


« « « Cleveland, Ohio 
«© «© « « « Flint, Michigan 
. Chicago, Iilinois 


° Hamilton, Ohio 
New York, New York 
+ « « « York, Pennsylvania 

+ « « Grove City, Pennsylvania 
Charleston, West Virginia 
. los Angeles, California 
Orillia, Ontario 
Hamilton, Ontario 
Bridgewater, Massachusetts 
. Buffalo, New York 
. Pittsburgh, Pennsylvania 
Chattanooga, Tennessee 
Dover, Ohio 

Indianapolis, Ind. 
Worcester, Massachusetts 
Denver, Colorado 

. Allentown, Pennsylvania 
. St. Paul, Minnesota 
Phillipsburg, New Jersey 


“This advertisement sponsored by foundries listed above.”’ 
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Dorrco V-type Diaphragm Pump (Fig. manu- 


was designed for handling sludges. pulps 
contain sizable quantities -olid keeping 
with their international reputation 
pendable and ient equipment. ke to provid 


the Dorr Company regularly 


Meehanite engi 


ineering 


ifte 
Note that the Meehanite used this 
unit reveal the fact that every major component 

Meehanite casting. provide the neces- 
sary and resistance wear and cor- 


pump. 
Write for our new Bulletin No. 


which gives complete details not only pump applica- 


tions but various specific property tests applied 


impact, erosion. corrosion and wear. 


the 
ime 
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Hermetically Sealed Rotar Stepping Switch 


series hermetically sealed enclosures, containing 
group relays stepping switch, has been designed 
provide atmosphere dry, inert gas, which will protect 
the parts from tampering, high altitude, moisture, ice, dust, 
fungi, corrosion, and salt spray. addition, these relays 
and stepping switches, are resistant shock and vibration. 

Complete relay circuits with six relays now can 
enclosed one hermetically sealed unit. Individual relays 
are also available with variety enclosures and terminal 
connections. 

The type rotary stepping switch, shown 
illustration, has three bank levels, and sealed 
maximum self-interrupted speed about steps per sec., 
and available with positions one, two, three 
levels, with positions one level. The switch 
designed for any d-c operating voltage 110 volts. 
Hi-Pot insulation and low capacitance springs available. 


vatic Electric 1033 


Small Size, Industrial Germanium Rectifiers 


new line industrial rectifiers, said operate 
current densities 1000 times greater than copper 
oxide selenium stacks, are made germanium, thought 
the best rectifying material discovered. Models now 
production include those single-phase, half wave 
ratings 0.4 amp; 0.4 amp; 0.4 amp; 

The industrial germanium rectifiers are designed for 
power conversion intricate computing machines, radar 
devices, and other applications where size and weight 
requirements are limited. They occupy approximately 
in. per output capacity, compared the 350 
in. per for selenium. 

The manufacturers that industrial germanium 
rectifiers have high efficiency, since their low forward-drop 
provides good voltage regulation. regulation less 
than percent when operated the high current densities 
permissible with germanium. 

Like all metallic rectifiers, 
rectifiers are 


the 


germanium 
They have negative 
temperature coefficients, with the reverse resistance going 
down when the temperature increases and the 

resistance going when the mperature goes down 


these industrial 
sensitive 


forward 


Combination Starter starter 
With Fusible Disconnect 


and designated class 11-204-N positions 
switch, main line fuse clips, 


cover 


life 


1 
ire 


mountec 


common 
The switch im- 


visible blades and 


quenchers. 


motor starter with fusible slam-proof handle 


1 


self-indicat- 
provided 

This handle has separate 
for on, off and open cover, 
off position 


CeT 


Lighting and Rectifier Dept 


River Rd., Schenectady 


eral purpose NEMA type semi dust 
tight NEMA type 
NEMA type NEMA type XII 
meet the JIC specifications the 
mass-production industries. 
are available for 3-phase operation 


‘ 
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TITCHING with wire 
relatively new way 
joining metal metal, metal 
almost any other material. 
Since speeds 100 stitches 
minute are possible and 
since wire economical 
there are tremendous time-and- 
cost savings compared with 
other methods fabrication. 
Success the whole idea hing- 
largely special wire. For 
the wire must penetrate 


% 


DIVISIONS NATIONAL-STANDARD CO. 


May, 1952 


330,000 psi tensile strength, 
provide lasting grip. Still 
must ductile take tight 
180° bends without cracking 
breaking. 

Here, our Worcester Wire 
Works Division, this unusual wire 
produced several strengths, 
sizes and finishes meet all 
metal stitching requirements per- 
fectly! Here too, the skill and 
care for which Worcester Wire 
Works has long been known re- 
sult exceptional uniformity 
particularly great advantage for 
any user machine-fed wire. 


Niles, Mich 
REYNOLDS 


WAGNER LITHO Jersey City, 


you have problem in- 
volving wire? Perhaps, 
metal stitching, new, specially 
developed wire the answer. 
you need only some 
specialized engineering help 
the use fabrication wire. 
any case, Worcester Wire Works 
stands ready to serve you, to give 
you the advantage engineering 
experience, special skills and 
techniques that have been over 
years the making. your 
standing invitation out-of-the- 
ordinary, personalized service 


wire. 


Flat, High Carbon, Cold Spring 
Tire Wire, Stainless, Fabricated Braids and Tape 
Industrial Wire Cloth 


Decorating Equipment 
Round and Shaped Stee! Wire, Small Sizes 


the 
ters NATIONAL- 
ion STANDARD 
' 
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Single Tube, Hydraulic Remote Control System 


hydraulic remote control system self-contained This system makes possible the operation precision 
consisting essentially hand-actuated transmitter, free backlash and sponginess, and gives 
ind receiver connected single tube. This apparatus operator certain amount the operated mech 
locs not depend outside sources power elec- 


tricity air. The system filled with hydraulic oil, and Any temperature change will result volumetric changes 


because the oil’s incompressibility, any applied force fluid between the pistons, with subsequent loss 

the transmitter delivered the receiver. synchronization. This change fluid volume 

the pressure stroke, which moves the transmitter for moving the transmitter handle through 

down and the receiver piston upward, the ‘beyond the zero degree position. This wil 

equals the input, less friction, which varies with individual operate the tripper lever, which valve, venting 

installations The rated output the pressure stroke fluid from the reservoir into the system, returning excess 

pounds fluid the reservoir. 

return stroke the piston, the spring under The housing height the unit in.; thickness 

receiver, forces the oil back the approximate weight, aluminum pounds, bronze, 

taken off. The output the Tubing length 300 feet. Rotary motio 
the force the receiver spring degrees. Fittings are in. 


Sperry Products, Inc., Danbury, 


Power erated, Portable Tensile Tester 


ture machines, plus the 


ration. Its 


than from push-pull const 
therefore friction lateral 
moving Lip 1s suspe ended from 

true axial Both 

pressure seals are used. specia 
possible open both 
while putting the test 
can adjusted from inches 

Overall dimensions 
in. high. Full ram travel 

Other 


I 
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q 
textiles, wood pla tics, and prepare test bars 
] from tl ram rather = 
iy trom fram ratn 4 
re self-aligning. No ; 
sign the grips makes 
time with one hand, 
with th oth r Grips 
long, in. wide, 
Total weight Cal-Testing Machine Co., Robertson 
with larger capacity Los Angeles 34, 
254 


Reducing 
floor 
operating 


Saving labor 
remote operation 


vibrations, 


ond shock 


Holding work securely 
for long periods 


Storing power for 


starting engines 


Magnifying power 
for intermittent 
systems 


size, cost, ond power 
requirements machinery 


i TF 
Furnishing emergency 


power when 
pumps fail 


Above are but few the hundreds 


valuable functions performed Greer Accumu- 
lators. Greer Bulletin 301 packed with data, 
diagrams, and illustrations showing how Greer 
have increased the efficiency and 
dependability and reduced 
the cost various types 
power-driven equipment. 
Send now for your free copy. 


GREER HYDRAULICS, INC. 
458 Eighteenth Street, Brooklyn 15, NY. 


District Office: 407 So. Dearborn St., Chicago 
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D-C Power Supply Unit 
Has Variety Uses 


new d-c power supply unit has been developed that 
can used for electroplating, cleaning, testing 
and many other uses where dependable source d-c 
power 

The new unit operates a-c line voltages 208 
230, three phase cycles. supplies either 500 amp 
full wave unit with ripple voltage approximately 
percent under load. The d-c voltage does not drop 
zero when single tap position changed under load, 
has been found supply units using three phase half 
wave 

The unit equipped with magnesium copper 
sulphide rectifiers that can operated temperatures 
from —40 284 deg The unit not affected 
atmospheric conditions, and over long period time 
has been proved rugged mechanically and electrically. 

Cabinet size for the d-c power supply in., 
and includes a-c contactor with thermal overload relays 
and on-off switch; d-c voltmeter; d-c ammeter; three 
current selector and convenient terminal panel. 


Electronic Rectifiers Inc., 2102 Spann Ave., Indianapolis Ind. 


Compact, Printed Electrical Circuits 


compact unit complete resistor and capacitor electrical 
with external leads for connecting into electrical 
electronic assembly. 

Patterns for resistors, capacitors and conductors are 
printed vitreous high-dielectric ceramic plates, silk 
process, using silver for the conductors, carbon 
graphite other resistance materials for the resistors, and 
employing the diclectric properties the ceramic for the 
capacitors. The patterns are permanently bonded the 
ceramic surface controlled curing, and protected from 
both abrasion and humidity tough plastic covering. 

One printed circuit said replace from two six 
individual components with consequent reduction sol- 
dered connections percent percent depending 
upon the circuit. They save space, and reduce weight. 

The model 0027 with six leads, shown the 
far right the illustration, measures in. wide, in. 


32 


thick, and in. high, not including the length the leads. 


Stupakoff Ceramic Mfg. Co., Latrobe, Pa. 


known the carb-ohm, being They are also used for com- 
plications, particularly where high equipment subject extremes tem 
values resistance are essential, perature. Hermetically sea 


manufactured for high frequency network, 


lass, 


clad humidity impervious cas 
sistance range ohms 200 meg 
ohm. Phaostron 151 Pasadena 
Ave., South Pasadena, Calif. 
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| he unique \sare 0 casting process gives you bronze rods, 


Customer Reports: 
Less Waste 
with Continuous-Cast Bronze 


Evansville. Indiana. 

has found twofold benefit its use Asareo Continuous 
Cast Bronze: Improved performance production line 

item because superior dispersion constituents 

the bronze: sharp reduction material cost due 
lower reject rate and less short-end 


This Asarco customer uses Continuous-Cast Bronze 


fabricate shaft sealing member which runs 
against hardened steel with very little lubrication. 
The constituents the bronze must distributed 

throughout its cross-section with absolute uniformity 


preclude failure the seal due rubbing. Indi- 
vidual casting and chilling these parts has been given 
favor Continuous-Cast Bronze. 


tubes and shapes with properties better 
than those sand-cast bronzes with porosity. 
hard soft spots. Asarco Continuous-Cast Bronzes 


are ideal for use automatic screw machines. 
You can get Continuous-Cast Bronzes made order 


special arrangement. 


216 sizes standard Asarcon 773 bronze (SAE 660) These photomicrographs demon 

strate the superior dispersion of 

are stocked 105” lengths distributors across onstituents 

-" alloys . . . also their freedom 

the diameters cored from porosity and other meta 


Free illustrated catalog describing 


request. Use coupon 


ONT 


Please send me 


American Smelting and Refining Company 
Perth Amboy Plant, Barber, New Jersey 


copy of the 12 page « italog 


Nar | tl 
West Coast Sales Agent: Company 
KINGWELL BROS. LTD., 444 Natoma Street, San Francisco, Calif. 
American Smelting and Refining 
OFFICES: Perth Amboy Plant, Barber, New Jersey 
Whiting, Indiana 
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Pressure Filled Metallic Rings for Static Seals 


have been found the metallic O-ring, easily installed, 
hollow metal tubing filled with inert gas 600 psi. These 
rings give positive metal metal static seals wherever prob- 


pressure, corrosive iquids or Lases axe 


lems of heat | 


involved, 

The metallic O-rings are dimensionally stable under heat 
cold, are not affected oils, gases, aromatic mixtures. 
They can installed present ring grooves, free 
machined recesses, with special compression 
device that can incorporated the also 
possible install them without grooves recesses. 

These rings will hold against pressures high 20,000 
psi, and wit hstand mperatures limited only the physical 
limits the metal. not damaged structurally, the same 
ring can used over again and still give perfect seal. 

rings have been used successfully high compres 
sion diesel engines, air and vacuum equipment, 
all types fuel and exhaust systems, retractable undercar- 
riages and other equipment, well marine, 
automotive, and specialized aircraft applications. 


Standard rings stainless steel, mild steel cadmiun United Aircraft Products Inc., 1116 Bolender Ave., Dayton, 


nickel plated, are available sizes ranging from 


Timed Operations Preselecting Unit 


The timed operations Preselector new type timer 
that allows for adjusting the timing each cycle 
process independently. can used energize number 

unit illustrated for use laundry mac 

the time, temperature, and water level each 

wash cycles. has contacts available give pilot 
light indications circuits, and means starting and stop 

ping the washer motor 

The Preselector consists single synchronous motor 

which delivers repetitious fixed time impulse. Any 

lesired time interval each cycle. Each row 


pushbuttons represents cycle operation. Therefore, 
possible change the time sequence any one cycle with- 


change any the other cycles. There 
lin number cycles, the length the time 
the number circuits that can handled. 
unit electrically operated device using cams, 
clutches, other mechanical parts subject wear. may 
used from any voltage, a-c d-c. 
The units are particularly suited for processes where 
operation with much flexibility desired 


Henry G. Dietz ¢ Coral Destens Div., 
16 Astoria Blvd., Long Island City 2, N. Y. 


COLD CATHODE TUBE permits delicate mechanisms con- pilot relay housed gag 
unlimited life, electronic pilot re- large electrical currents. The relay case. visible jewel indicat: 
lay capable controlling will operate over any input resistance permits visibility for off/on opera 
values current and power with megohms, with while the relay case locked 
current flow millionths unlimited length. Using Electronics Co., Willian 
ampere. This small flow cycle, the relay consumes watts. New York 
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MESSAGE 


AMERICAN 


Some Things Are 


ONE SERIES 


WORSE THAN STRIKES 


This editorial which appears McGraw- 
Hill publications was written just prior 
the resignation Charles Wilson 
Director Mobilization. The principle 
discusses basic and continuing im- 
portance our struggle maintain eco- 
nomic and personal freedom America. 


hoped that the managements 
the steel industry will resolutely resist 
the efforts the national Wage Stabili- 
zation Board force them establish 
the union shop their plants. essence, 
the union shop means compulsory union 
membership. 


They should resist not because any fi- 
nancial advantage the owners the indus- 
try. There would none. They should resist 
out decent regard for those ideals 
our country which are now fighting 
Korea protect. Moreover, their resistance 
would, matter fact, benefit the leaders 
the organized steel workers protecting 
them from the certain and bitter fruits 
their “victory” getting the government 
impose the union shop the steel industry. 
Their successful resistance would also pre- 
vent Premier Stalin and his co-workers from 
enjoying hearty laugh our expense. 


Fun for the Russians 

This why the Politburo would find the 
establishment the union shop the steel 
industry, the behest the Wage Stabili- 
zation Board, profoundly amusing. are 
fighting Korea because believe that 


armed aggression, promoted Russia, men- 
aces our freedom. And are spending hun- 


dreds billions dollars here home for 
armament protect our freedom other 
danger points. When this rearmament pro- 
gram threatened crippling strike, the 
federal government through its Wage Stabili- 
zation Board proposes buy off the threat 
plowing under vital element that free- 
dom which are trying desperately 
preserve. 

When the union shop adopted through 
voluntary agreement, has been cases 
covering millions workers, deeply under- 
cuts the freedom the individual. hold 
his job required join the union and 
support financially whether wants 
not. the case such voluntary agreement, 
however, the government takes direct 
part thus destroying the freedom its 
citizens. essentially private transaction. 


Tyranny the Word 

But the steel case the federal government 
becomes party direct attempt im- 
pose the union shop. Instead protecting its 
citizens their right earn livelihood, the 
government forces certain them join and 
support private organization which they 
have clearly indicated they not want 
join. This they must hold their jobs. 
Tyranny the accepted designation gov- 
ernment coercion this kind. 

may objected that the Wage Stabiliza- 
tion Board merely recommends the union 
shop, does not order it. This was also true 
the action recently taken President’s 
Emergency Board, which also “recommend- 
ed” that working agreements between the 
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railroads and about million non-operating 
railroad employees include provision for 
the union shop. government recommenda- 
tion, however, can easily given much 
the force order, particularly the call- 
ing strike “uphold the hand the 
government.” 

seems entirely clear that trying 
impose the union shop the steel industry 
the Wage Stabilization Board has completely 
lost its bearings. was set handle labor 
problems tide over emergency. Now 
comes with revolutionary modification 
labor relations the steel industry which, 
adopted, would become permanent part 
the institutional machinery the industry. 


Much Like 

Early World War effort was made 
have the federal government order the 
union shop for group organized coal min- 
ers. President Franklin Roosevelt, who 
will down history one organized 
greatest champions, blocked it. 
“That,” said, too much like the 
Hitler methods toward labor.” But now, with 
supreme irony, the federal government fos- 
ters this Hitlerlike method toward labor os- 
tensibly advance our conflict with Stalin. 

persuading the Wage Stabilization Board 
sponsor the union shop for steel workers, 
there every reason believe that the union 
leaders have trapped themselves. the gov- 
ernment imposes the union shop, next step 
clearly becomes necessary. This govern- 
ment regulation the union order pro- 
vide modicum protection for the minority 
that would forced the government 
join against their will. could that for 
time the government would ignore this obli- 
gation. But, having granted the union the 
power eliminate the minority, would 
sooner later forced regulate the use 
that power. Thus free collective bargain- 
ing and freedom itself would the losers. 


Issue Basic Principle 

Resistance government-sponsored 
union shop for the steel industry bound 
bring harsh denunciation both from the ad- 
ministration and union leaders who have 
teamed back it. Not only does the union 
shop relieve the union leaders the problem 
recruiting members, also eliminates 
group workers that they stigmatize “free 
those who work for compa- 
nies which have working agreement with 
union but not join the union. the basic 
steel industry about per cent those who 
work for companies with union agreements 
are not members the union. Such small 
percentage non-members obviously 
threat the “security” the union, although 
that what the drive for the union shop 
ostensibly designed protect. 

the reporting the present labor dis- 
pute the steel industry virtually all the 
attention has been focussed the handling 
the issue wage increase and how large 
should be. This, sure, vitally impor- 
tant. Mobilization Director Wilson has said 
serious threat our year-old effort 
stabilize the economy.” But certainly 
comparable importance the tremendous is- 
sue principle raised the government’s 
backing the union shop for the steel 
industry. 


the position the Wage Stabiliza- 
tion Board the union shop prevails, 
our government will have blunted the 
arms are forging fight for our free- 
dom abroad undermining major 
bulwark our freedom right here 
home. this critical the struggle 
preserve and protect our freedom such 
subversive course should resisted 
the limit. 


McGraw-Hill Publishing Company, Inc. 
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PLASTIC PAINT The 
rp. Bulletin 201, pp. Gives charac- 
applications, and methods use 
¢ the corrosion resistant, protective plas- 

paint. Describes methods of applying 
e paint, and outlines uses in railroad, 
hemical processing, petroleum, marine, 
iblic utilities, and other industries. 


(2) LONG-WEARING PARBTS — Haynes 
Stellite Co., Bulletin, 24 pp. SEntitled, 
Long Wearing Machinery Parts,” 
shows the variety of cast and wrought 
alloy parts now being used to solve abra- 
corrosion, and high temperature 
problems. Parts described are made 
bait, iron, and nickel-base alloys. In- 
more than blueprints, tables, 
and photographs. 


n, 


(3) AIR SCALE—Fluid Controls Co., Inc., 
Catalog 100-A, 8 pp. Describes how the 
iir seale weight transmitter operates, and 
how it may be used as an individual 
weighing unit, or as an integral part of 
a process control system. Contains cross- 
section view, calibration curves, and dia- 
grams typical applications. 


(4) POWER DRIVES—Sterling Electric 
Motors, Inc., Catalog 174, 20 pp. Has com- 
plete descriptive information on variable 
speed drives, geared motors, and constant 
normal speed motors in drip-proof, splash- 
proof, totally enclosed, and pipe ventilated 
designs. Contains many sectional, cross- 
sectional, and colored illustrations. 


(5) O-RING SPECIFICATIONS — Preci- 
sion Rubber Products Corp., Bulletin, 10 
pp. Called, “Engineering Data On Army- 
Navy O-Ring Hydraulic Packings,” it 
xives information on O-ring sizes, appli- 
ible groove dimensions, and compounds. 
Contains in charts, information on AN- 
h227B, AN-6230B, AF-934, AN-6290, MS- 
29512, and AN-123586 through 124034, plus 
other compounds. 


(6) AUTOMATIC REGULATING 
VALVES—Spence Engineering Co., Bul- 
letin 700, 4 pp. Describes design features, 
ind has a large cutaway illustration of a 
typical pilot-operated regulating valve 
with detailed explanation of five design 
features. Also shows how the control 
function can be changed by using a dif- 
erent sensitive pilot. 


(7) FILM TYPE HEATING ELEMENTS 

Electrofilm Corp., Booklet. Covers the 
uses, methods of application, mechanical, 
hermal, and electrical characteristics of 
this type of heating element. Material is 
in electrically conductive plastic that 
gives uniform heat distribution, and maxi- 
mum heat transfer. Many applications 
covered. 


(8) SELENIUM RECTIFIERS—Fansteel 
Metallurgical Corp., Bulletin RDP-112, 
pp. Contains illustrations of the many 
types of rectifiers made in 10 standard 
sizes, 8 round, and 2 rectangular. Covers 
terminology, cell sizes, and ratings, pro- 
tective coatings, typical circuits up to a 
+ phase bridge, circuit formulae and con- 
stants, and graphs. 


(9) CONTROL OF MEASURING IN- 
STRUMENTS -— Minneapolis-Honeywell 
Regulator Co., Catalog 5000, 28 pp. De- 
scribes the principal instruments, control 
devices, and related components. Gives 
specifications of about 100 measuring and 
control instruments, and valves. Also in- 
cludes differential controller, and Tel-O- 
Set controller. 


(10) STROBOSCOPES — General Radio 
‘‘o., Booklet, 8 pp. Covers the complete 

ne of stroboscopes, how the unit works, 
pius specific applications of the different 
instruments. Units described are the atrob- 
otac, strobolux, strobolume, microfiagh, 
and flash synchronization contactor. 


(11) THERMOHMS—Leeds & Northrup 
Co., Catalog EN-S4, 26 pp. Covers the line 
of general purpose and specialized resist- 
ance thermometers that detect tempera- 
tures between —325 and +1,000 F. Con- 
tains 5 page tabular guide telling what 
thermohm use for application ceram- 


CATALOGS AND BULLETINS 


Reader Service Help Keep You Up-to-Date 


ies, chemical, food and drug, glass, fron lustrations show construction of motor 
and steel, and other industries. Contains frames, end brackets, stators, rotors, and 
photos of each unit. bearings. 


(12) COMPOUNDING BESINS—B. F. (15) PUMP CASTINGS—Meehanite Metal 


pp 


pounding of Geon 101 and 191-EP straight castings, plus tables and charts showing 
polyvinyl! chloride resins. Discusses ma- the property evaluations made from teats 


Goodrich Chemical Co., Bulletin G-8, 16 Corp., Bulletin 36, 20 pp. Contains many 


Contains technical data on the com- photographs of various types of p 


terials and factors used in compounding on wear, resistance to acid corrosion, and 
the resins, plus some applications. impact. Cross-section views of pump 


PYROMETER SUPPLIES—Minne- 


castings and impellers. 


apolis-Honeywell Regulator Co., Catalog (16) OSCILLATING CONVEYORS. Link 


100-4, 42 pp. Furnishes technical data Belt Co., Booklet 2444, 24 pp Includes 
on the application and use of thermo- dimensions, weights, and capacity and 
couple pyrometric supplies. Contains in- horsepower charts on torsion mount oscil 


formation on all assemblies as well as lators for heavy duty, and the flexmount 
parts. Exploded view of all assemblies, oscillators for lighter-duty applications 


plus 
and midget thermocouples. 


(14) 


special molten metal, penal type, lllustrations show parts of conveyors as 
well the handling different products 


AC INDUCTION MOTORS—West- (17) AIRCRAFT EQUIPMENT~—-Jack & 


inghouse Electric Corp., Bulletin B-4731, Heintz, Inc., Bulletin 145, 4 pp. Contains 


20 


hp, 


pp. Now made in ratings up to 700 capsule descriptions of their rotomotive 


the design and application features equipment for aircraft. Model data given 


of the life-line motors are described. LI- on line of gas turbine and reciprocating 
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engine starters, inverters, generators, air- 
craft motors, actuators, alternators, hy- 
draulic equipment, and other components. 


(18) FLOW METERS—HBristol Co., Bul- 
letin F1605, 40 pp. The series 500 line of 
instruments is described. Included are in- 
struments for integrating, recording, indi- 


cating, automatic controlling, and tele- 
metering the flow of steam, water, air, 
gas, oil, solutions, and other fluids. Both 


mechanical and electrical type meters de- 
scribed in full range of models, and variety 


of uses 
(18) HARD RUBBER & PLASTICS— 
American Hard Rubber Co., Handbook, 


0 pp. Includes: tables of properties, 
tolerances, weights, design techniques, in- 
serts, asgjgembly, machining and finishing 
of hard rubber, and other molded plastics 
such as saran, polyethylene, acrylics, ace- 
tates. Also has illustrations and diagrams. 


(20) ELEVATING TABLES—The Ray- 
mond Corp., Bulletin 206, 4 pp. Describes 
the complete line of hydraulic elevating 
tables, showing models which can be used 
1 for die handling, or work positioning, and 
{i others for strip and sheet feeding opera- 
tions. Tables come in a range of capaci- 
ties from 2,000 to 20,000 bb. with various 
ranges of elevation. 


(21) LOAD CELLS&—Automatic Tempera- 
ture Control Co., Inc., Bulletins 62 and 
65. Bulletins describe and illustrate the 


application of the torsion bar load cells, 


and the cantilever beam load cells. The 
cells measure force in tension or compres- 
sion, thrust, torque, or weighing. They 
change a mechanical force into a linear 
electrical signal to be fed into servo 
recorders and indicators. 

(22) SPRINGS & CIRCULAR FORGINGS 
—American Locomotive Co., Bulletin RS-1, 
12 pp. Covers the helical compression 
springs, helical extension springs, belle- 
ville disk springs, and ring forgings. In- 
cludes the volute springs, made of flat 
steel wound in the form of a cone so that 
the coil telescopes. Formulas for comput- 
ing spring dimensions, plus design recom- 
mendations and specifications. 


(23) FLEXIBLE SHAFT DRIVES—BElli- 
ott Mfg. Co., Catalog 210, 6 pp. A line of 
flexible shaft unit drives in ranges of 
heavy, medium, and light duty, and the 
drill shaft unit. The heavy duty may be 
used for power take-offs and low operat- 
ing speeds, and has core diameters from 
% to % inch. The medium drive, used 
on any power source, has core sizes from 
6/16 to inch. The light duty has a % 
in. core, and the drill shaft in. core. 


(24) PRECISION CASTING — Casting 
Engineers, Bulletin 17, 4 pp. Explains cost 
reduction through investment casting. 
Most castings produced within limits of 
+ 0.004 in., with a wide variety of alloys 
possible in stainless steel, tool steel, high 
speed steel, and most non-ferrous metals. 
Illustrations show shapes possible. 
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(25) TEFC MOTORS — Allis-Chalr 
Mfg. Co., Bulletin 5187225, 6 pp 
scribes the type Al’Z totally enclosed 
cooled motors, which, because of t} 
of internal air passages and dirt cat 
pockets, makes the motor easy to } 
clean. Large, two page, cutaway view 
motor. Complete specifications. 


(26) PUSH-PULL CONTROLS 
west Products Co., Catalog 1551, « 
Contains detailed prints and ceo: é 
specifications remote, mechanical, 
pull controls of the compression ani :, 
sion type with a flexible inner elem: 
Three sizes described with a comprs« 

ultimate load from 1,250 to 3,050 | 

tension range from 960 to 3,900 pound 


(27) HIGH FREQUENCY GENERA 
TOKS—Bogue Electric Mfg. Co., I 

440, 8 pp. Has illustrations and espe 
tions on a complete line of 400 cycle 
erators and motor-generator sets a 
able from 100 w to 600 kw output, « 
single or three phase. Input current 
be alternating, single or three-phas: 
direct, 


llie 


(28) HYDRAULIC 
Lathe & Grinder, Inc., Catalog 105, 12 ; 
Illustrated and described are 108 differe; 
models of hydraulic cylinders, each in 
bore diameters. Working drawings 
specifications for each model and 
cylinder, both standard and cushi 
types, standard and 2:1 oversize 
single and double end rods. Pressures | 
1,500 psi; special cylinders to 3,000 psi 


(29) METALIZED PLASTICS — Coat!; 
Products, Bulletin, 6 pp. Gives an assort 
ment of metallic acetates and polystyrenes 
with color chart showing the complet 
range of colors and finishes. The met 
ized plastics can be easily formed and 
folded, die-cut, stitched or sewn, laminate: 
or glued, embossed and printed upon 


(30) PORCELAIN PRODUCTS — Star 
Porcelain Co., Bulletin 1251, 24 pp. 

scribes the various ceramic bodies 
are used principally in the manufact 
of electrical and electronic equipmen: 
Gives design suggestions, plus tables « 

taining complete data on physical pro; 
erties and application information. I]! 

trations showing engineering, producti 

and research. 


ardson Co., Bulletin, 22 pp. Entitled 
“Facts About Plastics, Molded and Lam 
nated,” it covers such points as: wi 
plastics can do; limitations; thermosetti; 
vs thermoplastics; how laminated plastics 
are made; applications; ways of moldi: 

plastics ; consumer and industrial appli 
tions; and other points. Many illus 
trations. 


(32) ELECTRICAL 
PRODUCTS—tTrico Fuse Co., Folder F! 
300-C, pp. Describes the powder-packed 
renewable fuse, the one-time and p! 
fuses, fuse pullers, kliplok clamps for fu 
clips, test clamps, and lubricating devic« 
Chart shows types, sizes and suggestior 
for application of lubricating units. 


(33) AWEA FLOW METER—Fischer 
Porter Co., Bulletin 10529, 8 pp. Gives f 
specifications, capacities, sizes and dimer 
sions for flow-rate meters, indicating an 
transmitting flow meters, bull's eye flow 
indicators, laboratory test kits, and other 
sight flow indicators. Has illustrations 
and engineering drawings. 


(34) WIRE ROPE ASSEMBLIES—M: 
whyte Co., Catalog 5201, 22 pp. It tllus 


trates and gives detailed specifications f 
wire rope with fittings permanently 
tached. Used for operating controls, 
a part of machinery and equipment, and 
for slings and hoists. 


(35) PERMANENT MAGNETS — 
loy, Bulletin 100, pp. 
illustrated, contains pull curve and 
information in tabular form on stocked 
types of Alnico permanent magnets, bot! 
cast and sintered, plus size and applicatio: 
data on holding assemblies, includin 
sheet steel separators, magnetic retrievers 
and stands. Also, list available pat- 
terns for various sizes. 


(36) INDUSTRIAL COATING TERMS 
The Sherwin-Williams Co., Booklet G-51° 
16 pp. Called a “Glossary of Industria! 
Coating Terms,” this booklet contains 
over 200 definitions terms commonly 
used products finishing. 
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FOR ALL TYPES BALL AND ROLLER BEARINGS: BORE OUTSIDE DIAMETER 


A 3 


WORLD'S THINNEST BEARINGS 


WEDDING THE PRECISION FINE WATCH PARTS 


Proportionately, that’s understatement! unusually thin section have become routine achieve- 
ring big outside diameter would about ments addition unique thinness that 
four times thick the actual section these conserves space and weight, other outstanding features 
thin bearings...and even the finest watch parts, have been embodied many special bearings 
enlarged proportionately, probably would not have the ... for instance: Flame hardened bearing races drilled, 
precision tolerance which these bearings are consist- tapped and gear-cut the KAYDON process eliminate 
ind ently finished. These are far the thinnest ball costly auxiliary parts, help improve machine design 
bearings ever made this large diameter. has and performance, and make possible more compact, 
developed the facilities and special techniques vital lighter machines greater capacity. 
such precision For unusually large, light weight, thin section bear- 
Precision miracles extremely large bearings ings, contact KAYDON Muskegon. 
KAYDON Types Standard and Special Bearings: 
Spherical Roller Taper Roller Ball Radial Ball Thrust 
nly 


PRECISION BALL ROLLER 
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Governor Used Industrial Engines 


new governor gives instant variable 
ind correct engine control any speed setting within 1200 
2600 rpm, with higher speeds possible adjustment 
the pulley. 

has been found give accurate speed control for all 
industrial and farm engines, and used corn shellers, 
drag lines, hoists, trucks and tractors with power take-offs. 

Known the long range universal governor, operates 
equally well variable speeds constant 
variable speed operation, quadrant similar manual 
control sets the governor desired speed. Constant speed 
operation possible locking the speed control lever 
fixed speed 

The governor easily installed and can mounted 
either side the engine. Speed control lever, carburetor 
ontrol lever, and mounting flange fit side the 
Lovernor, 


The Pierce Governor C *” Inc., 


Small, Lightweight Stroboscope Unit 


The Labstrobe, model small, light, stroboscope 
unit, giving flashes light per sec when connected 
ordinary cycle a-c power line. The lamp 
tandard neon bulb having long life and obtainable 
when replacement needed. 

The duration the flashes short enough permit 
the reading newspaper clipping while rotating 1800 
rpm. 

The useful for determining the speeds 
rotation motors, machines, phonograph turntables and 
other objects. The instrument housed chromium 
plated case, and the same size standard two-cell 
Hashlight. aluminized reflector directs the light forward 
increase the illumination provided. 

Specifications for the model labstrobe: power source, 
115 cycle a-c; power consumption less than 


rate, cycles per sec, determined line fre- 


quency; flash duration, approximately 100 microseconds 
This measured percent peak intensity. 
Berkshire 510 Beaver Pond Lincoln, 


Explosion Proof Solenoid Valve Unit 


Modifications the type valve 
have been made meet all the 
Underwriters 


inch. 


proof construction 


The new details include: top nut 
that has increased thread engagement 
and increased leakage path; cap 


clearance less than one thousandth 


Small size and light weight are made 
ments for Class group explosion- closely held fits which per- 
mit reduced joint lengths, steel con- 
struction which reduces wall sections, 
and eliminates the bolted flange type 
construction. The overall height for 


that machined from solid steel and the way valve 


the standard wide range orifice 
sizes and pressure ratings are avail- 
able. Valves can supplied two- 
way, normally open closed, and 
three-way normally open, closed, 
directional flow. 

Other features: low wer con- 
sumption, ten watts; 


and loaded seals; variety port 


brazed the coil housing; and body 
giving greater thread engagement with 
the flange and machined give 
lap and rabbet joint with the coil hous- 
ing. The coil housing machined 
from heavy wall steel tubing and fits 
the body the valve with average 


dia. inches. 

the port and mounting hole Joca- 
tions are the same, this valve inter- 
changeable with the standard line 
valves. The valve may mounted 
any the electrical conduit may 
rotated any position, and most 


locations the and in. size; stain- 
less steel internal parts; types are 
available with metering; valves can 
supplied for a-c d-c wide range 
voltages and frequencies. 


Skinner Chuck Co., Norwalk, Conn. 
CONTINUED PAGE 262 
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BULLARD COMPANY, outstanding ma- 
tool manufacturer, selected floating 
Clutches for power transmission control its 
amous Man-au-trol vertical lathe. 


Bullard engineer says, No. 
lutches (see arrow) are used automatically 
ngage the cross-feed and down-feed drives for 
ngle Turning: order maintain accuracy, 
can tolerated; the No. 
lutches are suitable for this application.” the 
shown carbide tools machine both sides 


MANCHESTER CONNECTICUT 
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Operation No.7 


Turret index Position the rough bor- 
ing performed. Tool set-up faces the 
hubs. (There are index Positions.) 


Diesel engine wheel minutes, automatically. 
Former method required hours. 


you have clutch problems look Maxitorq... 
standard sizes H.P. 100 wet dry, 
single double. Also Automatic Overload 
Release type. All clutches manually adjusted, taken 
apart assembled. Variety special Driving Cups 
available. Complete engineering recommendations 
request. Join our many Company” users. 
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COMPONENTS—MATERIALS 


AND 


Measuring and Device 


compact instrument, known the type 3-B minicorder, 
used for measuring and recording low pressures, has been 
designed for chart records low in. head 
water pressure. Other charts are available with ranges 

The minicorder has calibration adjustment that allows 
for range adjustment any point the chart, for exact 
possible calibrate the unit such com- 
as: inches head water, pressure vacuum; 
ounces per sq. in.; inches head mercury, pressure 
feet head water pressure vacuum; psi; abso- 
lute pressure; feet head any liquid pressure not corrosive 
brass stainless compound pressure and vacuum 
using any unit measurement; plus minus altitude, 
compound partial limited scale charts. 

The measuring elements are enclosed all metal 
case, and rubber gasketed for protection from dust and 
moisture. These elements consist series brass bellows 
for liquids and gases not corrosive brass. For other 
ranges, stainless steel may used. These bellows provide 
sufficient power move the pen across the chart without 
the lag drag common low pressure instruments. 

Suggested applications are: fan ventilating systems; par- 
tial and complete vacuum systems; combustion 


manufactured gas distributing systems; recording liqu 
levels tanks, reservoirs; high pressure draft gages, 
operations requiring increased ambient air pressure. 


The Dickson 7420 Woodlawn Ave., Chicago 19, 


New Line Lightweight Electrical Connectors 


complete line new lightweight electrical connectors, 
designed meet special requirements temperature, corro- 
sion, and vibration, now available for general use all 
equipment. The connector will furnished 
shell sizes, conforming sizes 8-36 inclusive, and can 
furnished for cord connections, shielded assemblies, and 
bulkhead box mountings. 

This new lightweight connector said introduce 
unusual method assembly that allows for unlimited wiring 
arrangements. Its design eliminates clamps, saves space, 
facilitates harness assembly, and allows changes 
wiring arrangements. assembly, production advantage 
that the terminals can removed from the block solder, 
the wire wires crimped the end the terminal, elim- 
inating the difficulty making connection the confined 
space the connector shell. This also will eliminate the 
problem twisting slack wire into the connector upon com- 
pleting the assembly. May used all applications. 


Titeflex, Inc., 500 Frelinghuysen Ave., Newark 


THREE NEW POLYESTER RESINS resin; and crystalline resin for im- 
said withstand prolonged mat cloth. American 
tures 500 without losing Cyanamid Co., Rockefeller Plaza, 
strength. Reinforced glass cloth, New York 


the resins will give flexural strength 


values from 30,000 35,000 psi NEW THRUST AND RADIAL BEARING 
500 The three resins will be: DESIGN for instruments 
two standard 


general purpose resin; fire resistant mechanisms comes 


262 


sizes Of: in. dia in. long 
and in. dia in. long. Shafts 
are pivot and shaft tool steel, and 
heat treated. Shaft ends are radiused 
instead chamferred prevent scor 
ing the bearing surface. High finish 
gives low friction, Welton Johnson 
Engineering Co., Summit, 
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the facilities, equipment 


sources the Bunting Brass 


Company are created serve the 


well manufacture product. Ask 


any Bunting customer. 


THE BUNTING BRASS BRONZE COMPANY TOLEDO OHIO BRANCHES PRINCIPAL CITIES 
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COMPONENTS—MATERIAL PARTS 


Industrial Electronic 
Surge Comparison Tester 


This industrial electronic surge comparison tester, avail- 
ible mobile portable models, used locate 
insulation faults and wind dissymmetries motors, a-c and 
d-c generators, transformers, and coils. Compact and mov- 
able, has adequate surge voltage characteristics for most 
insulation tests. The tester may used for both manu- 
facturing and repair 

The tester simultaneously tests turn-to-turn, phase-to- 
phase, and coil-to-ground insulation with potentials high 
enough simulate power circuit transient stresses. With 
every test setup, high-frequency and high-potential qualita- 
tive tests resistance, impedance, and turn balance are 
made, and the results are obtained single scope ob- 
servation. High turn-to-turn voltages are applied without 
excessive winding-to-ground stresses. test- 
ing assured even fractional horsepower motors and 
generators, and destructive fault location possible. 

Power supply for the mobile unit 115-125 cycle, 
amp; amp for the portable model. the voltage 
supply fluctuates more than +10 percent, and auto- 
matic regulating transformer will required. 


Westinghouse Electric Corp., Electronics X-Ray Div., 


Baltimore Md. 


Cageless Bearing with 


The design principle the guided roller bearing that 
maintains roller alignment without space-wasting cages 
the use grooved rollers and guide rail keep the 
rollers alignment. Like lever balance, any shift off- 
center Causes contact between roller and rail, and returns 
the roller the true axis. 
Known the guiderol roller bearings, they have more 
load-carry rollers given diameter bearing, with con- 
sequent increase load carrying capacity. Because the 
rollers are less internal looseness needed allow 
for roller correction. 
The bearings may mounted any position from 
horizontal vertical, and are available roller bearings 
dimensionally interchangeable with needle-roller types, and 
cylindrical roller well ball bearings single and 
double row sizes. 
With each roller making effective race contact, almost permits free circulation the lubricant 
the outside edges the races, the wide support increases flushing cleaning action inside the 
axial rigidity, important such single unit applications 
gears, rollers, sheaves, and levers. The open end McGill Mfg. Co., 1100 LaFayette St., Valparai 


NEW POSITIVE MECHANICAL SHAFT while occupying mini- factors, cubes, percentages 

SEAL, designed withstand high mum space. Cartiseal Corp., 1449 easy operate slide 
speeds, temperatures, and Randolph St., Chicago carries five decimal places and 
may used with almost all liquids billion. The unit appr 
and gases without deterioration. Be- NEW PORTABLE CALCULATOR, mately in. dia; in. long 

cause its simple design, can Swiss watchmakers, will add, sub- weighs ounces. Curta Calculator 
varied for most operating and assembly multiply, divide, figure square Ashland Ave., Chicago, 
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hydraulic rewind drives contribute much 
the efficient surface, differential center winding 
this fast-operating machine. power wasted. 
Maximum rewind shaft driving torque set manu- 
ally for each type power de- 
mand the rolls controls the speed the hydraulic 
motors adjust the delivery the 
variable delivery pump the exact system require- 
ment. Specially adjustable Vickers Relief Valve 
permits slow speed starting avoid tear. 


Other Vickers systems have improved perform- 
ance and reduced costs for the majority 
lically-operated production machines built today. 

For details the complete Vickers Industrial 
Machinery line, write for Catalog 5000 contact 
your nearest factory trained Vickers application 
engineer. 


Incorporated 1454 BLVD. DETROIT 32, MICH. 


DIVISION THE SPERRY CORPORATION 


DETROIT HOUSTON LOS ANGELES (Metropolitan) NEW YORK (Metropolitan) PHILADELPHIA 


ENGINEERS AND BUILDERS HYDRAULIC EQUIPMENT SINCE 1921 


Vickers Variable Delivery 
Vickers 


Piston Type Pump with 

pressure compensated con- Balanced 

trol—delivery automati- Piston Type 

cally regulated signal Relief Valve 

pressure change at com- Vickers Constant Displacement 

pensator. Capacities from 5 Piston Type Hydraulic Motor. 

350 hp. Torque preselected man- Vickers Proportional 
ual adjustment the Oil Filter 


wal | 
476; 


4 

4 
wire length and di- 
American-Fort Pitt can give you 


exactly what you 


AMERICAN-FORT PITT Spring DIVISION 
PORTER COMPANY, INC. 


John Street, McKees Rocks, Pa. Pittsburgh District) 


New Parts and Materials. 


Chemical Process Pumps 
Use Teflon Impellers 


line chemical process pumps 
teflon impellers, teflon 
fing box, and choice teflon 
chemically and biological 
inert, and unaffected any aci 
organic solvent, alkali solution. 

Manufactured 
pump casing and shafts, these 
are used for small volume process 
laboratory work, transfer application 
and pilot plant and industrial applic. 
tions. Being positive 


pumps, they also find application 
pharmaceutical, fine chemical 
other process plants. The pumps 
operate either direction 
psi with good lift. Capacities 
subject viscosity, temperature, and 
gravity. 

The impellers will not swell, shrink 
harden crack. They have low 
absorption, plus good non-adhesive 
properties. 

The pumps are available 
sizes and in. pipe tap, with 
pulley drive base assembly, base 
mounted direct connected with electric 
motors. Available No. 316 stain 
less steel precision castings, naval 
bronze forgings. 

Eco Engineering Co., New York 

Newark 


Nylon Plug Base 
For Capacitors 


new plug base, model 1800, 
manufactured for capacitors the 
type CESO series, and fitting standard 
medium octal socket, suitable for 
use condensers made under 
C-62 specifications. 

using Nylon, the following ad- 
vantages were possible: the toughness 
the unit reduced breaking min- 
imum when being assembled; its high 
strength permitted hollowing out 
the unit, making lighter and saving 
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Parts and Materials continued 


the nylon used has melting 
point 425 and has good elec- 
trical properties. 

Through the use nylon, ad- 
vantages are possible over ordinary 
phenolic bases. Most 
the toughness the unit which re- 
duces breakage minimum while 
being assembled metal cans, 
other related parts. Because the 
high strength this material has 
been hollow the unit 
great extent, thus making lighter and 
creating savings material. The 
nylon used this base has melting 
point excess 425 deg and 
good electrical properties well. 

Slight resiliency the material 
cathode tabs, and results better 
seal the metal can. This same re- 
siliency reduces the chances the can 
rotating the base, either during 
after the spinning process. 

Industrial Devices, Inc 


Molded-In Electronic 
Selenium Rectifiers 


All ratings 200 out- 
put the plastisel line miniature 
rectifiers 
molded-in, similar small tubular 
condensors. The outer case spiral- 
wound phenolic wax which rock 
hard 100 The good thermal 
conductivity this wax, and the low 
loss plates compensate for the loss 
cooling due molding-in. These 
rectifiers are manufactured with bare 
insulated tin-copper leads. 

ratings from 250 d-c 500 
d-c, the standard open plate con- 
struction used. However, the high- 
plates give cooler operation 
and longer life. All open and closed 
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FOR TRANSPORTATION 
AND INDUSTRY 


NATIONAL has background 
over eight decades 
producing quality malleable, 
heat-treated malleable and steel 
economy and 
manufacturing automotive, 
agricultural and 


other equipment. 


unparalleled experience 
coupled with continuing metallurgical research program, 
rigorous quality control standards, 
and completely mechanized foundries 


Sales offices and engineering facilities 


are located all five plants listed below. 


16mm technicolor film. Narrated 

Edwin Hill, this 27-minute film tells how 

used how its production economy, 
ductility, machinability, toughness 

will give you better finished product. 
Available for group showings. 


PLANTS LOCATED 


Sharon, Pa., Cleveland Ohio, 
Indianapolis Ind., Melrose Park, 
and Chicago 50, Ill. 


OHIO 


can YOUR EQUIPMENT 


construction stacks are standard 380 
PIU ratings (130 a-c into con- 

densor). They can also had 
the SHOCK landings? other voltage ratings and doubler 
units for special 
rectifiers are guaranteed for 1,000 hrs 


year. 
Div., 429-12th St., Brooklyn, 


Large, Heavy Duty 
Flush Latch 


Designed for heavy duty applica- 
tions access panels 
doors heavy equipment, new giant 


flash latch spring loaded but- 
ton that allows for variations closure 
contact and misalignment, 
tight fit all panels and 

The latch, called H-5150, made 
heavy gage stainless, coated cold 
rolled heat treated aluminum 
United Navy Photograph many combinations trigger and 

bolt offsets. 


New military specifica- Los Angeles 34, Calif 


tions for all services re- 
ruggedization 
your equipments with Heavy Duty, 


their mountings. Rheostat 


Because high temperature 
enamel used its construction, new 
creased safety factor, and shock re- 
sistant. This enamel coating gives 
complete protection under extremes 
humidity and abnormal atmospheric 

For full information about Barrymounts and bases, write conditions, and binds 
today for your free copy each these Barry catalogs: ceramic form the refractory base. 


The different design the contact 
Catalog and ruggedized arm permits the use buss bar type 


brush that gives minimum resist- 

i 

Catalog Barrymounts and mounting ance between the resistive element and 

Catalog Barrymounts and mounting bases. sign gives positive electrical control. 


Other features are: trouble free con- 

parts enameled the hub, and con- 

730 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS tact arm tension designed give uni- 


form torque and adjustable brush pres- 


Phoenix Rechester St. Lewis Son Francisco Seattle Toronto Washington 
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Ruggedized Air-damped and Barrymounts and 
mounting bases are now available meet the shock test 
requirements specifications MIL-T-5422 (Aer), MIL-E-5272 
(USAF), and ANE-19. These mountings hold your equipment 
securely and maintain uniform performance characteristics 
even after the repeated shock many aircraft carrier landings. 
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another case where welded stee! tubing does the job better 


f 


ELECTRUNITE Steel Tubing made this farm equipment 
better lower 


Unnecessary dead weight was lopped off hundred-pound 
chunks without reducing strength when leading farm 
implement manufacturer designed his line use Republic 
ELECTRUNITE Steel Tubing every possible point. 

Strength and shock resistance were increased because 
Republic ELECTRUNITE Steel Tubing provided maximum 
strength per pound metal over ordinary conventional 
shapes. Troublesome torsion and weaving implements 


rough ground was cut drastically useful life the 
implements was greatly lengthened, and maintenance 
reduced. 


Does this give you some ideas about your product 
whatever may be? Republic ELECTRUNITE Steel Tubing 
can keep your product strong yet make lighter, make 
better lower cost, more attractive the man who 
uses who buys it. We'd like tell you our 


REPUBLIC STEEL CORPORATION 
STEEL AND TUBES DIVISION 
EAST 131st STREET CLEVELAND OHIO 


FREE BOOKLET— Write for Booklet 
data and case 
ELECTRUNITE 
Tubing 
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Stock Fewer Spares ... You Can Use 


Nicholson Valves for 


Any Pressure Medium 


Nicholson control valves offer maximum 
adaptability. rubber processor re- 
ports that they carry only spare valve 


each service. Unlike many 
poppet balanced piston valves, they 
can used for steam well air, 
gas, oil, water. Specially treated hard 
seats and easy repacking cut mainte- 
Send time. 


for 
Catalog 552 


Lever, foot, solenoid, motor 
types; size press. 
5000 Ibs. 


200 Oregon St., Wilkes-Barre, Pa. 


FLOATS. 


BENDING MANUAL 


This instructive and authoritative booklet will quickly prove 
itself indispensable wherever bending done needed. 
brings you veritable gold mine tested, authentic bending 
methods applicable any rotary type bender. The proper 
bending technique may frequently offer new approach 
old problem simplifying product design and cutting 
production costs. 
The exact methods producing various types bends 
wide range materials are illustrated, step step, with 
over diagrams and charts together with valuable 
tooling suggestions. 


Mail your request today. 


PREC 


333 8th Ave. 


Lake City, Minn 
SHEARS 


ROLLERS 


BRAKES © 
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continue 


NEMA, and Underwriters’ Labora 
tories. 

Specifications: diameter base, 
in.; depth behind panel, 
shaft, in. dia projecting; shaft rota 
tion, 305 deg +5. Maximum amper- 
age for 0.50 ohms amp; for 
10,000 ohms 0.70 amperes. 


Anchors Cable 


Terminal Points 


meet the requirements for 
fitting suitable for bus drop cable, 
new quarter bend cable clamp known 
the sky-tie has been developed fo: 
suspending the cables above the 
chines. This method 
means transmitting power 
machines from the bus duct, and makes 
for easy arrangement the machines 

Two identical pieces form the 
vice, joined two heavy bolts, and in- 
stallation consists tightening these 
bolts with the support position. 

spring also necessary and 
used keep the cables tight. 
spring fits onto the sky-tie the hole 
located the bend, ties back 
structural member, and absorbs vibra- 
tion shocks the installation. 

The spring can used loads 


high 125 pounds. The manufactur- 


ers that the weight the cable 
does not necessarily determine the 
spring requirement. This 
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Bros. covers the entire range lubricat- 
ing devices: Oil Hole Covers, Oil Cups, Grease Cups, 
Bottle Oilers, Gauges. Gravity-Feed, Wick-Feed, 
Constant Level, Vibrating Rod styles. Threaded 
Drive-type. Elbow Straight. 


offers the most complete selection 


standard styles. 


consistent quality design, materials 
and machining has made Gits Lubricating Devices the 
standard for industry for more than years. 


Lubricating Devices are far-famed for 
solving tough oiling problems low cost. 


ITS Bros. Engineering specialists 
lubrication engineering 


your disposal. 


Write today for free illustrated Price Guide Catalog. Use 
your handy reference for lubricating devices. 


1838 KILBOURN AVE. CHICAGO 
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PLANETARY DRIVE REDUCES 
LENGTHENS LIFE Star-Kimble Gearmotors 


planetary gear speed-reducing system used and proved for 
century Star-Kimble Gearmotors distributes the 
bearing load uniformly and reduces the risk wear. 


Helical gears the planetary system are precision-shaved Star- 
own plants for the continuous tooth contact that assures 
quiet operation and long life. 

Moving parts within the sturdy reducer housing maintain con- 
stant fine spray lubricant from oil reservoir the bearings 
and gears. Oil seals prevent leakage. 

Tapered roller bearings output shaft eliminate end play—allow 
Gearmotor mounted any position. 


Most important advantage all the fact that every Star-Kimble 
Gearmotor integrally designed, integrally built unit. All parts 
are Star-Kimble engineered work smoothly and efficiently to- 
gether—all motors, gears and other major components are produced 
Star-Kimble. 

*Demanded industry for tough jobs, 


For the facts Star-Kimble Geermotors, 
write for copy Bulletin 


MBLE 


MOTOR DIVISION 
PRINTING PRESS AND MFG. CO. 


Bloomfield Avenue 


— 


Bloomfield, New Jersey 
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mined the pull needed 
horizontal run cable from 
and some cases 100 
erted cable whose weigh: 
only pounds. 
The approximate length 
The two sizes available are 
in., and from inches 
7 he Ad. ale 


Motor-Operated 
Coaxial Switch 


compact, dou 
double throw coaxial 
been developed 
two single pole double throw 
flexibility installation. 
switch motor-operated 
solenoid. Straight 


climinate use angle connectors 
save time and space. Frequency 
than 1.3 insertion loss 
range. Attenuation 
models are available for air 
plications involving extreme 
ture and shock conditions 
Transco Products Inc., 


Los Angel: 


Easy Operating Tube 


new combination tube 
bends both in. and in. O.D. 
aluminum, brass, and other 
wall metal tubing, has dual size 
and mandrel which permits be: 
two different sizes tubing 
changing any 

The bender two piece 
tion, and comes apart and slip 
the tube the point where 
needed. Therefore, can 
bend tubing where one end 
bend tubing that has both end 
The two-piece construction 
easy remove the bender from 
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make rings, bands, components 
FOR and assemblies either fusion 
resistance welding ferrous 


RCU LAR non-ferrous metals. believe 


that our quality second none 


WELDED and know our products are 


reasonably priced. Many “Blue Chip” 


PRODUCTS companies are our customers. Their 


products range from fractional 
horse-power motor shells jet 


engine components. 
\ 
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ROUND 


14, 16, gauge 


1010 1025 


hes uniform strength, weight, duc- 
tility, |. D. and O. D., wall thick- 
ness, machinability, and weld- 
tapered, swaged, beaded, upset, 
forged, 
wide range sizes, shapes and 
wall thicknesses, 
Michigan formed and machined 
your own 


Fabricating our own tubing 
Michigan interested ONLY THE 
FABRICATION steel, 
brass and aluminum tubing. 


excellent example how the 
use welded steel tubing sim- 
plifies assembly parts, cuts 
down costs, the cleaner handle 
made Michigan for manufac- 
turers vacuum cleaners. 


The handle shipped Michigan 
ready for chrome finishing and 
assembly the vacuum cleaner. 
Stampings for the cord holders 
welded the tubing, 
elongated hole punched for the 
interior wire cord and tumbler 
switch. The surface finish the 
cold rolled steel tubing, proc- 
essed Michigan, suitable 
for polishing and chrome plating. 


matter what you manufacture, 
Michiganengineers willbe pleased 
consult with you concerning 
application welded steel 
tubing improve your product 
and lower production costs. 


Consult for engineering and 
technical help the selection 
tubing best suited your needs. 


9450 BUFFALO STREET DETROIT 12, MICHIGAN 


FACTORIES: MICHIGAN SHELBY, OHIO 


DISTRIBUTORS: Stee! Sales Corp., Detroit, Chicago, St. Lovis, Milwaukee, indianapolis and Minneapolis 


—Miller Stee! Co., inc, 


Hillside, N. J.—C. L. Hylend Ce., Deyton, Ohio—Dirks & Company, Portiend, Oregon 


—Jemes J. Shannon, Milton, Mass.—Service Steel Co., Los Angeles, Calif —Hugh Devis, Sewickley, Pa.— 
Strong, Carlisle & Hammond Co., Cleveland, Ohio—Globe Supply Denver, Colorede—W. A. McMichoels 
Co. Upper Derby, Pe.—A. J. Fitagibbons Co., Buffalc, N. Y.—Herry E. Clark & Co, Houston, Texes—J. 


Seaird Co., inc., Shreveport, Le 
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ing after the bend completed. 
bender does not mar, deform 
tubing. 

Bends can made any 
180 deg and the bender calibrat 
show the degree 
overall length in. and weight 
pounds. The bender steel 
aluminum construction 

The Imperial Brass 
1200 Harrison St., Chicago 


New Synchro 
Zeroing Device 


new instrument, the 
model designed for zeroing 
synchros all types, features adapta 
bility both cps and 400 cps syn 
chros all types and sizes. 
switching operation 
lects proper test-circuit connections for 


each type synchro, well the 
proper sequence test circuits for the 
zeroing operation. This procedure 
eliminates the possibility making 
improper 
errors results, and assuring 
safety personnel and equipment. 
High sensitivity the null-indicating 
tuning eye permits high zeroing ac- 
curacy. Ten millivolts, corresponding 
about 0.6 min. angular error, can 
clearly detected. 
Ultrasonic Corp., Rogers 
Cambridge, 


Small, Combination Starter 
And Circuit Breaker 


combination across-the-line motor 
starter with circuit breaker, which 
the components are mounted 
has been developed for use 
where such mounting necessary for 
reasons space and arrangement. 
This starter has the same self-indicat 
ing slamproof handle the standard 
design with vertical-mounting. The 
handle has separate positions for: on, 
tripped, off, reset, and open cover 

This starter available sizes 


STEEL 
Michigan 
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CENTIVE INSPIRED 
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CREATED BY 


PLANT 
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Machine Design Sheets are available designers and engineers. Simply write your letterhead Dept. 35, 


THE LINCOLN ELECTRIC COMPANY 


OHIO 


CLEVELAND 
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TEFLON 


with the 
optimum performance 
looking for 


“Teflon” powder converted into 

Fluoroflex-T rod, sheet and tube under 

rigid control, specially designed 
equipment, develop optimum inert- 
ness and stability this material. You 
can sure ideal, low loss insulation 
for uhf and microwave applications... 
components which are impervious 
virtually every known chemical...and 
serviceability through temperatures 
from +500°F. 


Produced uniform diameters, 
Fluoroflex-T rods feed properly 
automatic screw machines without the 
costly time and material waste cen- 
terless grinding. Tubes are concentric 
permitting easier boring and ream- 
ing. Parts are free from internal strain, 
cracks, porosity. This means fewer 
rejects, longer service life. 

Mail the coupon for more data. 
Pont trade mark for its tetrafluoro- 
ethylene resin. Resistoflex 


registered trade mark for products made 
from fluorocarbon resins. 


RESISTOFLEX 


See SS SSS SSS SSS SSF 
SEND NEW BULLETIN containing technical data and information 
a 
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tions such built-in contro! 
push 
hand-off-auto selector 
relay, extra electrical 
inductive shunts can 
special 
Westinghouse Elect 
Box 2099, 


Quick Connecting 


Quick-connector hooks, 
fast method for attaching 
other lines, wire rope, rope 


alone. Once joined 
cannot come unless 
disconnected. The hooks are 
and lightweight units made 
alloy. 


Brummel Hook Co., 


Miniature 
Selenium Rectifiers 


Known the microstak 
miniature, hermetically sealed 
rectifiers with cell sizes 
0.060 in. dia. are available 
range current and voltage 
The hermetic seal made 
lized glass metal bond which 
give stable operation high 
ity, dust, corrosive fumes, and 
ing 

The units have been used 


May, 


1, Twe 
4 
hey 
Se 


Two adjustable speed Motors used 


wide speed range adjustable speed D.C. 
Motor used tire building machine. 


e 
spe 
yor J 
j 


AL 


When you need flexibility you can’t get from A.C. 
when you need refinements operation, get rapid, 
accurate response that’s when experienced design men 
turn Louis Allis D.C, Motors. 


You can get standard Louis Allis D.C. Motors sizes 
200 and speeds 3500 RPM. They are 
furnished with shunt, series, compound windings 
for all standard and special voltages with continuous 
intermittent duty ratings. 


Both special and standard sizes and types are avail- 


THE LOUIS ALLIS Milwaukee Wisconsin 


LOUIS ALLIS Motors give you size 
and type for every industrial requirement 


able, with various electrical and mechanical characteristics 
open, drip-proof, fully enclosed, splash-proof and ex- 
plosion-proof enclosures can supplied. 


Louis Allis D.C. Motors are extensively used drive 
hoists, machine tools, pumps, elevators, centrifugal cast- 
ing machines, extractors, printing presses, stokers, con- 
veyors and other equipment. 


For the best solution, discuss your drive problems with 
the Louis Allis Engineer nearest you. 


Self-Cleaning 
Textile Motor 


\ Pump Motor with 


Ajusto-Spede 
with Eddy 
Current Brake 


Single Phase 
Sanitary Motor 


Base 


Standard special build it. Whatever 
electrical mechanical modifications fea- 
tures you need, there Lovis Allis motor 
that will your toughest jobs better. 


Shell Shaftiess Motor 


i, 
fe 


MT 


MACHINE 


MORE POWER less space 


LESS COST 


O-M All Cylinder—pack- 
ing more power per square 
inch than any other type! 
tie rods bulky end 
caps, saves installa- 
tion space. full range 
sizes from bores. 
All machined steel with 
bearing bronze. Parts and 
mounting brackets fully in- 
terchangeable. Special de- 
sign standard parts appli- 
cable almost all 
installations. 


| 


MACHINE CO. 


NEW CATALOG P 1 TEMPLATES 
28, diagram- Complete set. 
packed pages of Shows all cylin- 
specifications, ders and movnt- 
parts listing and ' j ing brackets. '/; 
other information. scale. 


MACHINE CO. 


1218 150th St., Hammond, Indiana 

Send your new, complete catalog. 

COUPON TODAY 
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and analog computers, hearing aids, 
airborne radar, CRT bias supplies, and 
other electronic circuits. 

Shown the illustration are the 
4500 peak inverse rating. Actual 
length the 4500 unit in. 
long in. diameter. 


Device Counts Impulses 
any Desired Ratio 


The perma-memory multiple scaler 
counting device that counts down 
incoming pulses any desired ratio, 
whether the pulses are repetitive 
random. needs only one triode per 
binary stage. The count accumulated 
stored permanently magnetic 


memory with the triode acting only for 
triggering action. the illustration, 
the center unit binary scaler, and 
the stack right decade scaler. 


Wang Labs., 296 Columbus Ave., 
Boston 16, 


Miniature, Lug Type 
Resistors 


line has been added 
entire series resistors. The 
new series has soldered lugs all 
sizes which range from single section 
chapron-wound 4-section resistor 


and multi-pi winding the larger 
type. 

resistance values from ohm 
megohm. Available alloys 
resistance wire. Resistor bobbins are 
non-hydroscopic ceramics. 


erdings Ave., Burbank, Cali} 


Engineering Co., 


LUSTER-ON 


makes the difference 


less than 1/5¢ per square foot you can have 
brilliant finishes like this with Luster-on Utility 
bright dip for zinc. easy apply and 
control and there’s plenty available — no short- 
ages. Every day former users nickel and 
cadmium are converting to this passivating 
bright dip 


CHECK LIST 


you produce parts like those listed below? 
‘Then you can obtain corrosion-resistant, brilliant 
finishes lovest costs with Luster-on Utility 
5 or 25. 

» Cabinet Hardware 

p Small Tools (wrenches, ete.) 

y Auto Body Parts 

y Bathroom Hardware 

VAircraft Metal Parts 

y Wire Goods 

v Refrigerator Shelves 

Radio Speakers, Chassis, Shields 

y Television Parts 

yElectrical Parts 

yAir Conditioning Fans, Guards, ete. 

y Bolts, Nuts, Washers, ete 

y Builders’ Hardware 

y Outdoor Metal Articles 

(fences, trailers, etc.) 


Also 


Protective Finishes 
Khaki Drab Luster-on 


With 300 hours of salt spray resistance Luster-on 
Khaki Drab far exceeds U. S. Government 
Specifications 100 hours. ‘This chromate 
type conversion coating has been developed 
primarily for electro-deposited zinc 
also ideal as a paint bonding treatment for later 
organic finishes. 


SEND SAMPLES 


Send samples your parts. Let zine- 
plate and LUSTER-ON treat them for you 
Charge. This will show you how you can 
dress and protect your product simply and 
inexpensively with Luster-on. 
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CYLINDERS 
& 


SPINDLES CHUCKS CLUTCHES 


When you need high speed, low torque, leakproof 
rotary connections for fluid lines MACHINE 
TOOLS, use Barco TYPE Revolving Joints! 
The above photograph shows typical installation 
Greenlee Bros. Co., Rockford, Ill. This but one 
the many applications the machine tool industry 
for TYPE joints. Barco builds complete line 
standard and special revolving joints meet virtually 
every need. Barco Engineers are your service; 
ask for recommendations. 


REVOLVING 
JOINTS 


LIGHT RUNNING! bearing design 
handles both radial and light end thrust 


with low torque and minimum wear. 


“CTR” V-ring type seal 


PRECISION-BUILT! Al! parts machined 
close tolerences. Parts interchangeable 
and renewable. 


COMPACT, DURABLE! instoll 
where space limited. Withstands rugged 
service. 


WIDE SPEED RANGE! 2500 RPM 
light pressure applications. Lower speeds 
for high temperatures and pressures. 


BARCO MANUFACTURING COMPANY 


1827F Winnemac Avenue, Chicago 40, Illinois 


Canada: The Holden Co., Ltd. 
The Only Truly Complete Line Flexible Ball, Swivel, Swing and Revolving Joints 
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Sicon 
HEAT-RESISTANT 

FINISH 


PRODUCT THE SILICONES 


Protects 
Gas Heater 


Sicon COLORS 

Appearance 
Heating Equipment 


CENTRAL GAS HEATER 
Mig'd by the JOHN ZINK CO., TULSA 


For years the protection com- 
bustion chambers and outer 
erings heating equipment has 
been problem. 
The John Zink Company, 
ing manufacturer gas heaters, 
solved this problem with SICON. 
SICON protects their combus- 
tion chambers against extreme 
high heats 875° without powder- 
ing losing its color. 
SICON, attractive colors, also 
preserves the outside appearance 
their products, adding greatly 
sales appeal, and prolonging life. 
The John Zink Company now 
uses SICON forall 
the finish that can often the 
job where all others fail. 


WRITE FOR LATEST TECHNICAL 
DATA TODAY 


@ 


Silicone-Bose Finish 


MIDLAND 
INDUSTRIAL FINISHES CO. 
Waukegan, 


SYNTHETICS 
LACQUERS VARNISHES 


June 16-20 


May 12-14 


INSTITUTE RADIO ENGINEERS— 
National Conference Airborne 
Electronics, Dayton Biltmore Hotel, 
Dayton, Ohio. 


May 14-16 


SOCIETY FOR EXPERIMENTAL 
STRESS Meeting. 
Hotel Lincoln, Indianapolis, 


May June 


1952 Exposition, Port Versailles, 


May 22-24 


AMERICAN SOCIETY FOR QUALITY 
CONTROL—Annual Convention, On- 
ondaga County War Memorial Audi- 
torium, Syracuse, 


June 1-4 


AMERICAN GEAR MANUFACTURERS 
Meeting. The 
Homestcad, Hot Springs, Va. 


June 1-6 


SOCIETY ENGI- 
NEERS—Summer Meeting, Ambassa- 
dor and Ritz-Carlton Hotels, Atlantic 
City, 


CANADIAN INTERNATIONAL TRADE 
Canada. 


GRAPHALLOY 


OILLESS 
BEARINGS 


June 4-10 
INTERNATIONAL MECHANICAL EN- 


Sweden. 
June 4-14 


MECHANICAL 
AND CONVENTION Olympia, 
London, England. 


June 15-19 
AMERICAN SOCIETY MECHANI- 
Meet- 


ing, Sheraton-Gibson Hotel, Cincin- 
nati, Ohio. 


INDUSTRIAL FINISHING 
Society. International Amphi- 
theatre, Chicago, 


June 19-21 


AMERICAN SOCIETY MECHANI- 
Mechanics 
Division, Symposium Shock and 
Vibration Instrumentation. 
vania State College, Penna. 


SELF-LUBRICATING 
EXTREMELY DURABLE 
CONSTANT CO-EFFICIENT 
FRICTION OPERATES 
WATER, GASOLINE 
CORROSIVE LIQUIDS 
APPLICABLE OVER WIDE 
TEMPERATURE RANGE 
even where oil 
carbonizes 


BEARING. 


1952 


‘rom 


ELECTRIC CORN POPPER 
Popex 


L. C. Smith an 


ONT- 


PIECE 


Corona Typewriters, Inc. 


COLOR 


with custom-molded DUREZ phenolics 


all directions the news rolls 
Durez phenolics it’s 
product development, improvement, 
redesign eas 
SIX. 
lool anda fig req uuirements slashed. 


eliminated. 


Reports like these point thought 
have mind when your products 
the making pays talk 
over with custom molder 

has the know-how that translates 


PHENOLIC PLASTICS 


1952 


new ideas into Durez. His 
equipment large enough big 
moldings and getting larger all the 
time. 

course the plastic must have 
good flow and strength properties 
permit wide freedom tor 
molding. Durez has both and of- 
fers eight distinct classes 
phenolics among which thev can 
select the mechanical, electrical, and 
chemical properties that fit their 

technicians can aid you with 
knowledve these mate- 
rials and Callthem any time. 


THAT FIT THE JOB 


INDUSTRIAL RESINS, 


Our monthly Plastics will 


They found new ways 

KEEP COSTS DOWN 


mometer, product Seegers Manufacturing Company, 
tells glance the comparative temperature your 
home and outside. Chace Thermostatic Bimetal the 
actuating element for the upper dial. gas-filled 
bulb connected capillary tube linkage behind the 
dial performs similar function from remote 


location your window frame. 


The thermostatic bimetal element precision-wound coil, the 
outer end which fixed the mounting the back the dial. 
The shaft which carries the indicator attached the inner end 
the coil. Changes room temperature cause the element react 
coiling uncoiling motion, thus rotating the indicator the 


correct temperature reading. 


The accuracy this simple type thermometer dependent upon 
precision manufacturing and assembly methods. Chace furnishes 
this element finished coils fabricated from precision-rolled strip, 
coiled controlled-temperature department. also provide 
our types thermostatic bimetal elements customer 
designs, strips, random coiled lengths welded brazed sub- 
assemblies. Before you proceed with the design element for 
your new temperature actuated device, consult our Applications 
Engineers. For complete reference the design and selection 


bimetal elements, write for our 64-page 


ENGINEERING 


ABSTRACTS 


Leaner Alloys for 
High Temperature Use 


Abstracted from “Lower Alloys Deve! 
oped for High Temperature 
Clark, Timken Roller Bearing 
The Iron Age, February, 1952. 


REDUCE THE DRAIN that regula 
high temperature alloys (many wit! 
less than percent Fe) have 
our supply presently critical 
loying elements, series low alloy 
steels have been under study 
country and England. 

7-22A(S), was developed 
years ago for high temperature bolting 
applications. The mean analysis 
this grade is: 0.30 0.80 Mn, 0.70 Si, 
1.25 Cr, 0.50 Mo, and 0.25 The 
effects both temperature and hard- 
ness variations (heat treatment) 
the rupture strength are shown Fig 
heat treated, normalizing 
and tempering, about 300 Bhn this 
steel has outstanding rupture strength 
1,000 the stress for rupture 
100 being the order 60,000 

That heat treatment has effect 
the high temperature strength shown 
Fig. which portrays the effect 
variations hardness the rupture 
this case, the variations hardness 
were obtained tempering the mate- 
rial originally normalized 1,725 
various tempering temperatures. 
However, the rupture strength 
17-22A(S) decreases above 1,000 
for fracture time 1,000 hr. 

the attempt meet higher prop- 
erties several heats incorporating modi- 
fications the analysis 17-22A(S) 
were melted 300 induction 
furnace and rolled into in. dia bars. 
These steels were then subjected 
1,100 rupture tests various condi- 
tions heat treatment. The analyses. 
heat treatments, hardnesses and 1,000 
rupture strength values were tabu- 
lated. The estimated elongation 
fracture 1,000 was also included 
these comparative tests. 

When all factors were considered, 
Heat designated Timken 
17-22V, appeared the best the 
low-alloyed steels. Its 1,000 rup- 
ture strength 1,100 about 
35,000 psi and differs from the 
standard 17-22A(S) analysis only 
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RUSSELL, BURDSALL WARD BOLT AND NUT Licensor 


That’s the unique new SPIN-LOCK Screw. 
Units assembled with SPIN-LOCK are stronger 
because: 

SPIN-LOCK can exert greater clamping force 
because it’s heat-treated. 

SPIN-LOCK prevents loosening because 
locks into the surface with ratchet-like teeth 
closely spaced under the head’s outer edge. 

SPIN-LOCK has many other advantages, too. 
extra parts add...just one part buy and 
stock. special-handling...you can hopper-feed 
it. projections catch fingers clothes. 
What’s more, SPIN-LOCK neater (fastens flush) 
...easy drive hard-to-reach spots...excellent 
for electrical contact. 

Hex, pan, truss, flat heads. Write any 
the companies below for complete data types 
and specifications. 


Teeth SPIN-LOCK 
Screw touch bearing 
surface before final 
tightening. 


Final tightening 
embeds teeth 
surface, assuring 
positive locking. 


Tighter, Stronger, Surer Fastener! 


UNITED STATES Central Screw The Lamson Sessions CANADA 

Buffalo Bolt Co. Chicago Cleveland Ohio Robertson Mfg. Co., Ltd 
Div. Buffalo-Eclipse Corp. Keene, Birmingham Ala Milton, Ontario, CANABA 

Continental Screw Company Seaboard Screw Corp The Steel Company Canada, 
Mfg. Corp New Bedford, Mass. West Warwick, Hamilton. Ontario. CANADA 
Manufacturing 
National Lock Company Great Lakes Screw Corp Waterville Division The Ltd 
Rockford, Chicago 27, 48, Conn Quebec, CANADA 
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WHAT OTHERS HAVE DONE: Here cre few 
the scores ways which designers have taken 
advantage the unique combination useful qualities 
that Beod Chain “The Kinkless Chain 
sand 


LOW-COST, THREE DIMENSIONAL SPROCKET 
DRIVE Made possible non-kinking, free-swivel- 


ing action each bead. Slippage absolutely 

prevented each bead fits into 

pocket. Bead Chain drives have been proved 

many products such business machines, tele- 


vision tuners, venetian blinds, etc. 


RETAINER FOR STRAYING PARTS Soves time 
plant home keeping straying parts hand. Adds value and 
sales for pennies. 


CONNECTOR FOR SAMPLES For fabrics, paint, plastics, etc. Convenient, 
non-kinking, attractive, strong. 


will pay you think how Bead Chain could help improve your product. 

the manufacturer Bead Chain, offer the “know- 
acquired applying Bead Chain meet the requirements thou- 
sands uses. Call us. 


Bead Chain available many metals and finishes, and five sizes, 
from: 


Write tedey! 


BEAD CHAIN 


The Bead Chain Co., 
Mt. Grove Street, Bridgeport, Connecticut. 
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FIG. 1—Stress-rupture characteristics 
Timken alloy 17-22A(S), low alloy 
for 1100 Fahrenheit service. 


that contains 0.20 
0.30 pet and 0.80 pet rathe: 
2,250 and the best rupture 
developed simple heat 
ment consisting normalizing 
1,800 followed tempering 
300/350 Brinell. Elongation 
ture for 17-22V 1,000 
about 5.0 pct, which 
ample for the intended 
the normalizing 
increased 1,950-2,100 
strength remained constant, 
creased, but the steels 
brittle 1,100 showing 
Fig. 

order determine the 
size melt well section size 
heat treated part, one ton 


May 
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istics of 
With the same care and regard for 
precision that they use watchmak- 
ing, Bulova has prepared this parts 
cabinet for their dealers. 
Koppers Polystyrene proved 
the ideal choice for this new cabinet 
for several reasons. offers practi- 
cal, time-saving advantages and 
maximum convenience use. The 
dividers (also made Koppers Poly- 
styrene) are easily moved accom- 
modate changing volumes stock, 


and are molded ivory-colored 

Polystyrene make identifying let- 
tering extremely readable and pro- 

vide quick identification. The hand- 

some mahogany color the cabinet 


will always fresh and new-looking. 
prime importance the fact 
that this new cabinet represents 
SALES OFFICES: NEW YORK 


May, 1952 
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precision packaging 


BOSTON 


substantial saving manufacture 
and use over previous metal model 
which replaces. 

Koppers Polystyrene lubri- 
cated plastic, well suited for preci- 
sion molding this type. Its ease 
flow assures will fill the mold, 
giving sharp definition divider 
slots and corners, and permitting the 
molding thin wall sections. Its 
improved physical properties plus 
greater dimensional stability provide 


strong, rigid, good-looking cabinet 
and drawer that fit together perfectly 

Write for further information 
about the adaptability Koppers 
Polystyrene your housing pack 
aging problem. Our technicians are 
sign new packages products 
made Koppers Polystyrene, and 
help you obtain the best possible 
results using this versatile plastic 


Koppers Plastics make Many Products Better and Many Better Products Possible. 


KOPPERS 


= 


PHILADELPHIA 


KOPPERS COMPANY, INC., Chemical Division, PITTSBURGH 19, PA. 
CHICAGO 


DETROIT LOS ANGELES 


“by BULOVA watch 


av 


Exacting Specifications 


your specifications, you are employ- 
ing the extensive facilities expe- 
rienced organization. Our engineers 
can give you valuable assistance es- 
tablishing the one best 
turning out uniform production 
runs. are examples 
straight bevel gear and pinion 

Zerol bevel gear and pinion worm 
and worm helical gear and 
pinion. Send blueprints 
for prompt estimates any 


STOCK SPROCKET CATALOG REQUEST 


RACKS SPROCKETS SPUR SPIRAL 
BEVEL ZEROL BEVEL WORM GEARS 


696 Glendale St. St. Paul Minnesota. 


ALLMETAL, Special- 
ists Stainless, 
Produce Stainless 
Products Exclusively 


Write fer 


Catalog 


SCREW PRODUCTS 
GREENE STREET NEW YORK 13, 


contin 


LOO0 psi 


Stress 


rupture strength, elongation 
ness 17-22V steel (Heat 


furnace heat was made, cast into 
in. ingot, forged in. square bloom 
and then upset forged into in. 
pancakes, in. thick. 

The pancake forgings 17-22\ 
were then heat treated normalizing 
The 
throughout the section was very uni 
form, thus indicating sufhcient harden 
ability permit normalizing sections 
least this size. 

Tests were conducted room 
temperature and 1,100 specimens 
cut from this forging and the results 
obtained, together with those from the 
in. dia bar stock, were tabulated 
For the given hardness level the roo 
temperature physical properties 
heat treated forging are very 
and the 1,100 rupture 
even somewhat superior that 
bar stock. (37,000 psi compared 
35,000 psi 1000 test). 

the basis these results two 
conclusions appear order 
First, that columbium must present 
obtain the greatest rupture strength 
1,100 and second, that highe: 
than normal 
must used either the normalizing 
quenching treatment. 

The results show that 
stecls are available for relatively short 
life applications under high stress 
1,000 and 1,100 the basis 
1,000 rupture, the maximum stress 
level 1,000 60,000 psi. 
1,100 35,000 37,000 psi 
sents the maximum stress level. 

17-22A(S) steel believed 
the most suitable for service 1,000 
under the given conditions. Its 
total mean alloy content only 2.0 
percent, free nickel and con 
tains only 0.50 molybdenum. Its 
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A greater voriety of fasteners and 

P small parts that can be made faster, 
stronger and more economically by 
Pheoll’s cold heading and roll thread- 
ing methods. Cold working of wire 
stock often surpasses turning, casting, 
stamping, drawing or molding. 


LOWER MATERIAL COST... 
Cold-heading results in much 
less scrap than in metal cutting 
operations, in fact in the pro- 
duction of most cold-headed 
parts there is little or no scrap. 


LOWER PRODUCTION COST 


due to high production rate. 
Cold -heading entirely auto 
mutic, is not affected by opera 


tor skill, strength or fatigue. 


LOWER DIE COST... Cold 

heading dies cost less, even on 
more intricate sections, than 
for any other forming operations 


INCREASED 


c 


STRENGTH... Improved phy- 
sical properties are imparted to 
all metallic fasteners by cold 


working. 
FATIGUE be- 


cause grain flow of material is 
compacted and directed to fol 


low contour of piece. 
UNIFORMLY HIGH QUALITY = a 
PARTS... assured because S 


cold working requires materials ——— 
free from structural defects = 


Single or multiple secondary operations can be per 
formed on cold headed parts to produce special 
characteristics required to fit the part for its por 
ticular application Such operations include drilling, 
tapping, milling, shoving, flattening, notching flang 
ing, trimming, bending, off-setting, slotting, fluting 


swaging, knurling, pointing, heat treating, plating 
and finishing—all in Pheoll’s modern piont. 


PHEOLL PROFIT PRODUCING FASTENERS 


Machine Screws Thread Cutting Screws 


Phillips Recessed Topping Screws 


Cap Screws 


Head Screws 
Sems Threaced Rods 


Abstracts continued 
1,000 rupture strengih 1,000 
60,000 psi. 

this same basis, 17-22V 
lieved the most ‘suitable for service 
1,100 total mean alloy content 
and contains only 0.50 molybdenum. 
differs from 17-22A(S) that its 
carbon content 0.20, rather than 
0.30, and its vanadium content 0.80, 
rather than 0.25. Its 1,000 rupture 
strength 1,100 35,000 37,000 
pounds per square inch. 


Electronic Ferrite 
pplications 


Abstracted from Ferrite Applications 
March 1952. 


RECENT YEARS have seen increasing 
monly ferrites, electronic 
laminations, iron wire and powdered 
iron and provide components having 
improved characteristics 
bulk. 

Characteristics ferrites such 
high maximum permeability, high elec- 
tric resistivity and low r-f losses, are 


omponents to 


components such yokes and horizon- 
tal-deflection output and high-voltage 
components, 
the use ferrites has made 
portant contribution increasing 
operating and reducing size. 


Deflection Transformers 


high power required for deflec- 
tion kinescopes necessi- 
tates the use deflection sys 


tems 


single item used the design 
horizontal-deflection output that 
letermines its efficiency the magnetic 
material used for the 
have been developed exhibiting char- 
that are very favorable 
material for such transformers. 
result such transformers, operat- 
ing from moderate power supply 
with only single high-voltage rectifier 
and capable of deflecting kinescopes 
having 66-deg horizontal-deflection 


angle anode voltages kv. 
have been designed with small 
haped ferrite cores. The total weight 
the ferrite core for such trans- 
former approximately grams 
Compact cores also per 


the use compact coils having high 
oupling between primary 
and secondary windings. They have 


made important contribution 


PROBLEM: Design feed dry sand- 
cement aggregate uniformly from 
mixing hopper airline Bond- 
actor Cement Gun. 


SOLUTION: Agitate dry mixture with 
Gast rotary Air Motor driven 
compressor which supplies gun. 


RESULT: Economy, dependability and 
needed flexibility feeding from 
cu. yds. concrete per hour. 
Unit withstands rough treatment, out- 
door use contractors. 


Yes this another scores de- 
sign problems solved with Gast rotary 
Air Motors. rotary air power 
possibility your product, let Gast 
engineers review your problem. You 
may profit from their concentrated 
experience with air power, low va- 
cuum pressure. Remember, “Air 
may your answer!” Write for de- 
tails. 


our 
CATALOG 


Gast Application Ideas 
booklet showing de- 
sign problems solved 
sent upon request. 


Original Equipment for 
Over yeors 


AIR MOTORS COMPRESSORS VACUUM PUMPS 


TO TO 30 185.) TO 278 
GAST MANUFACTURING CORP. 139 Hinkley St. Benton Horber, Mick. 
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this Kearney 
Trecker new Model 
vertical machine, 
the diameter “eed screw 
{right) made from 

round and Polished 
STRESSPROOF 


Ground and Polished been used for lead and 
feed serews Kearney Trecker 1939. 


were not available, they would need a 50°? carbon-alloy steel to 


DPERATIONS 
LIMINATED 


obtain the required strength and wear-resi-tant properties. The sub- 
stitution alloy would require tempering 
not necessary with Ground and Polished 


QUENCHING PROOF. The cost the part would more than doubled. 
TEMPERING For precision work, lead and feed screws for machine tools must 


maintain their through years operation. Ground and 
* STRAIGHTENING Polished STRESSPROOF cuts cost for these exacting part- because it 
provides five qualities the high double that 

ordinary cold-finished shafting; (2) machinability, fully better 

than heat-treated alloys the same hardness: (3) high resistance 

wear, replacing many heat-treated carburized alloys; (4) minimum 


warpage, obtained special processing: and (5) finely 


ground surface. 


signifieant that the only for STRESS 


STRESSPROOF 


PLAYING VITAL ROLE 
NATIONAL DEFENSE! 
very large proportion 
tion, today, going into 
defense jobs. However, 


PROOF alloy steel requiring many additional 
duction operations. 


STEEL CO. 


1430 150th Street, Hammond, Indiana 
the Most Complete Line Cold-Finished 
and Ground and Polished Bars America 


ALLOY STEEL 
sample bars are available 
259 
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Technical Service Data Sheet 
Subject: RUST PROOFING WITH 


INTRODUCTION: 


Ferrous metal parts that have been Permadized zinc phosphate chemical 
solution and then “sealed” with rust-preventive oil such “Granoleum” 
are effectively protected from rust-damage. addition, the surface acci- 
dentally chipped scratched, rusting confined the exposed area. 


Rust proof coatings find many practical applications. During World Wars 
and most small arms were rust proofed phosphate coating and impreg- 
nated with chromic acid and rust preventive oil, cutback petrolatum. This 
not only provided excellent corrosien resistance but also yielded dull black 
non-reflecting surface. Rust proof finishes are now used widely hardware, 
firearms, cartridge clips, metallic belt links, miscellaneous forgings and cast- 


ings, tools, unpainted replacement machine parts, and many other similar 
items such bolts, nuts, and washers. 


THE PERMADIZING PROCESS: 


For the most effective rust proofing large small work large small 
production, used tanks immersion process, with the 
bath heated coating time minutes. The coated parts 
are then rinsed clean water, and then controlled dilute acidulated 


solution. After drying, suitable corrosion-resistant oil such 
applied 


Operations can carried out with the work crates, hung from 
hooks, utilizing overhead rail and hoists. For large volume production, 


automatic can used mechanize the line. Small parts can 
treated tumbling barrels. 


Type of _coating 
Object 


coating 


phosphate 


Rust and corrosion prevention 


“PERMADINE” DATA CHART 


Typical products 


MEETS 


Nuts, bolts, screws, items, 
tools, guns, cartridge cl ine, fire con- 


PROCESSES 


290 


treated trol instruments, metallic belt iinks, 
steel aircraft parts, pro- 
_jectiles and many other components 
SERVICE Scale Large small volume; 
production _large or small work 
Dip 
Method of “ae 
SPECIFICATIONS: tumbling, racked basketed 
: Immersion tanks of suitable capacity. 
Equipment Cleaning and rinsing stages can 
o — notes of mild steel. Coating stage can be of 
The “Permadine heavy mild steel steel. 
finish meets U.S.A. 57-0-2C; required No. 
Type Class and equiva- Any common degreasing method can 
be used, Alkali cleaning ( “Rido- 
Pre-cleaning Emulsion-alkali cleaning ( “‘Ridosol”- 
MIL-C-16232, methods vapor degreasing, sol- 
vent wiping, etc., are examples. 
Type Il Acid cleaning may need to follow 
other cleaning methods rust 
51-70-1 scale present. 
Both 
Finish 02, Class Temperature 190° 210°F. 


Navy Aeronautical M-364 range 1000 4000 
JAN-L-548 Technical 
Service No. 7-20-1-2 
Data Sheets T. M. No. 5 


CHEMICALS 


Coating weight 


WRITE FOR FURTHER INFORMATION 
AND YOUR OWN METAL PROTECTION 


CHEMICALS 


ACP 


PROCESSES 
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the design and development 
deflecting yokes for scanning 
angle picture tubes. For the 
return path these yokes, the 
provide high-permeability 
magnetic material that superior 
core wires. 


Ferrite Rod Antenna 


Another application which 
use ferrites has resulted 
physical and 
the antenna small person 
radio receivers. 

This complete antenna occupies 
than two square inches area and 
confined space, compared wit 
the conventional loop antenna great 
than square inches free space. 

For optimum performance, the sma 
coil and the in. rod should hay 
the highest possible when 
mounted position. The rod 
high permeability. The pickup abili 
the antenna and the signal-to-nois 
ratio the receiver are dependent 
these two basic criteria, the result 
ant tuned-circuit impedance and 
certain other design considerations 
such the type wire, winding and 
form factor the coil the ferrite 
rod. 

For given ferrite rod, there 
particular combination size, shape 
and winding pitch factor that, along 
with the correct ratio coil diameter 
rod diameter, results maximum 
pick-up voltage. These factors deter 
mine the degree coupling the 
rod and the amount signal flux 
leakage leakage 
Eddy-current losses between adjacent 
turns and also the distributed capaci- 
tance the winding are reduced 
the use the progressive universal- 
type winding with 15/43 wire. 

The positioning the coil the 
rod also important. Losses due 
ferrous metals close the rod reduce 
the the complete assembly; 


FIG. 1—Variation coil and 
permeability ferrite rod with position 
coil from the end the rod. 
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AVAILABLE pages 
Valuable Tool Information 


new Tool Steel Handbook—one the most 


comprehensive treatises its kind ever offered 
tool steel producer—has just been published 
Allegheny Ludlum. addition relatively 
complete picture Allegheny Ludlum Tool 
Steels, their properties, applications and the 
forms which they are available, this 196-page 
case-bound book presents extensive discus- 
sion heat treating and handling techniques 


America must have more 


Scrap make more Steel 


Get the Scrap Now! 


Propucr ENGINEERING May, 1952 


For complete MODERN Tooling, call 


Allegheny Ludlum 


well complete set weight tables and 
other useful reference material. 

Your copy the Tool Steel Handbook will 
sent—without charge—upon request. Our 
only stipulation: please make your request upon 
your company letterhead. Write Allegheny 
Ludlum Steel Corporation, Oliver 
Pittsburgh 22, Pa. 

ADDRESS DEPT. PE-29 
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solution and then 


INTRODUCTION: 


Ferrous metal parts that have been Permadized zine phos 
with rust-preventive oil such 
are effectively protected from rust-damage. addition, the 
dentally chipped scratched, rusting confined the 


“sealed” 


AMBLER PENNA. 


Technical Service Data Sheet 
Subject: RUST PROOFING WITH PERMADINE 
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the design and development 
deflecting yokes for scanning 
angle picture tubes. For the 
return path these yokes, the ferr 
provide high-permeability 
magnetic material that superior 
powdered-iron cores, and 
core wires. 


Rust proof coatings find many practical applications. Durin; 


and most small arms were rust proofed phosphate coatir 
nated with chromic acid and rust preventive oil, cutback 
not only provided excellent corrosion resistance but also yielde 
surface. Rust proof finishes now used widely 
firearms, cartridge clips, metallic belt links, miscellaneous for; 
ings, tools, unpainted replacement machine and many 


items such bolts, nuts, 


to 190 


produc tion, 
bath heated 


solution. After drying, 
applied 


“PERMADINE” 
MEETS 


CHEMICALS 


PROCESSES 


-210°F 


are then rinsed clean water, 


and washers. 


THE PERMADIZING PROCESS: 


For the most effective rust proofing large small work 

used tanks immersion prc 
and then controlled dil 
suitable corrosion-resistant oil such 


coating 


Operations can carried out with the work crates, 
hooks, utilizing overhead rail and hoists. For large volum 
automatic equipment can used mechanize the line. Small 
treated tumbling barrels. 


DAT 


Type coating 


Typical products 


WRITE FOR FURTHER INFORMATION 
AND YOUR OWN METAL PROTECTION 


Zinc phosphate 


Nuts, bolts, screw: 


Rust and 


tools, guns, cartrid 
trol instruments, n 


treated aircraft parts, 
and many 
SERVICE Scale Large small vol 
production _|_large or small wor! 
Method Dip 
SPE e application 
Immersion tanks 
Equipment Cleaning and 
notes mild steel. 
finish meets U.S.A. 57-0-2C; No. 
Type II, Class and equiva- Any common degre: 
Alkali 
lent requirements sol”), Acid cleaning 
Pre-cleaning clea: 
methods vapor 
vent wiping, 
Type Acid cleaning may 
other cleaning met 
51-70-1 scale present. 
Bath 
weight 
Navy Aeronautical M-364 range 1000 4000 
Mgs. Sq. Ft. 
AN-L-548 
Technical No. 7-20-1-2 
Service 
Data Sheets No. 


permeability ferrite rod with position 
coil from the end the rod. 
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compact, highly effi- 
cient centrifugal blower 
for cooling 
electronic 
equipment. 


monet 
OF 9400-8 
er 9400-3 
] 


'e 
2 
t sar 
\ | 
> 
4 
a 4 an fre = 


SPECIFICATIONS 


DDL-2 


CAPACITY..250 CFM .5” Static Pressure NAFM 
330 CFM .0” Static Pressure 


MOTOR (Self Enclosed) 
H.P., Capacitor Induction, 
120 Volts, Single Phase, AC, 
Cycles, 3200 RPM, 
Clockwise Counter Clockwise. 


Rigid Base 
OVERALL 


Solving special problems 
EAD 


your problem involves rotating electrical 
equipment, bring EAD. Our completely 
staffed organization will modify one our 
standard units design and produce special 
unit meet your most exacting requirements. 


EASTERN AIR 


585 DEAN STREET, BROOKLYN 17, NEW YORK 


Engineering Abstracts 


loss greatest when the metals 
close the coil winding. 
metals induce less loss into the 
but offer some shielding magnet 
pickup. Fig. shows the 
rod position. 

Another feature due the sma 
ness the ferrite antenna its 
distributed capacitance only two 
compared with for conve: 
tional loops. With this lower capa 
tance, possible obtain high 
tuned-circuit impedance 
smaller capacitance range needed 
the ganged-tuning capacitor and 
greater value coil inductance 
used. 

The sensitivity the antenna 
creases with the number turns mak 
ing the antenna inductance. With 
the ferrite antenna, the reduced 
tance requirements make possible the 
use compact tuning capacitor hay 
ing increased plate spacing. 


Ferrite-Rod Dimensions 


The length the ferrite 
effect both the the antenna 
and the effective permeability. Fig. 
shows variation with incremental 
increases length the ferrite 
rod. This variation due 
greater inherent losses the longer 
rods coupled into the antenna coil. 
Also shown Fig. are the variations 
effective permeability and the rela- 
tive voltage pickup with rod length. 
The voltage pickup varies almost 
directly with rod length and approxi- 
mately the square the rod 
diameter. 

Fig. the variations with 
frequency and effective permea 


> 
- 
a 
Ww 


permeability of 
ferrite rod 


Relatwe voltage 
pickup 


Rod length in inches 


FIG. 2—Variation coil, per- 
pickup antenna with rod length. 
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FIG. 3—Variation antenna and 
permeability rod with frequency. 


antenna coil located with its center 
line one inch from the rod end, the 
normal operating position. The sig- 
nal-to-noise ratio the antenna im- 
proved over that the conventional 
loop due the higher operating 
and the smaller physical size. The 
smaller size significant because 
reduces the electrostatic pickup. 


Metal Sealant 

Abstracted from “Sealing Metal With 
Metal” Holmes, Tincher Prod- 
ucts Company, Modern Metals, February 
1952. 

ALTHOUGH FOUNDRY 
generally improved late, porosity 
still problem and probably aways 
will be. When cast product must 
pressure tight hold gases liquids, 
porosity could cause rejection the 
part. many cases this porosity not 
detected until the part machined 
its final form. Rejected castings this 
are costly the manufacturer. 
Control this porosity metallurgically 
usually difficult and inconsistent. 
can often prevented, 
impregnating the casting; forcing 
some compound into the thus 
sealing them off. 

metal-base material comes nearest 
being the perfect sealant, inasmuch 
combines permanency with 
application, and has the advantages 
non-inflammability, toxic vapors. 
cleans easily with water and Jow 
cost. 

The sealing elements are various 
metallic oxides and other mineral parti- 
cles small one millionth 
inch that penetrate the porous area 
the metal and create permanent seal. 
carry these oxides into the porous 
voids the casting, vehicle capable 
necessary. 

cates, soda used. The function 
the silicate soda two-fold; 
not only holds the metallic oxides 
suspension, but helps hold them 
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IDEA 


Cut from strong, wear-resistant ACE hard 
rubber sheet, this precision-machined meter 
piston spends years under water without 
warping swelling. 


Intricate tube socket assembled low cost 
from tiny punchings Ace X-2-B. Strong, 
rigid. Dielectric strength 415 v/mil (60 
cycles); Power factor 0.6% megacycle). 


Chemical resistant, strong (up 10,000 psi. 
tensile), high-dielectric, wear-resistant ACE 
hard rubber sheet ideal for myriads 
small parts. 


Can you use perforated slotted hard 
rubber sheet screens, strainers, separa- 
tors, containers, etc.? 


ACE hard rubber sheet punches and machines easily 
cuts time and costs both! available many grades 
and finishes, sizes 50”, thin Ask for 
further details today. 


American Hard Rubber Company 


WITH PARTS PUNCHED 
295 


For the REALLY TOUGH Production Casting Jobs 
Superior Special Purpose Castings 
Made 


ALLOY 


TENSILE 


ALLOY 
JRON 


Put these outstanding PRODUCTION CASTING FACILITIES 


Three mechanized continuous Quality Controls that extend 
mold and sand-handling con- from sand shipment— pat- 
veyor systems... terns palletizing... 


Core capacity serve Tensile strengths 60,000 
molding stations for 250 tons psi castings weighing 
more melt daily... 600 pounds. 


BEST EVIDENCE Superior’s completely dependable facilities 
ond services are the prominent manufacturers many industries 
whose castings, year after year, are engineered and produced 
Superior. could pay you, too, consult with Superior...today! 
Write today for interesting book- 


let describing Superior’s unique 
Electric Furnace facilities. 


TRANSMISSION COVER—smooth appearance, 
tight fitting, easily machineable. Made of sound, 
rugged Superior gray iron 


SUPERIOR FOUNDRY, INC. 


on Foundeymen’s vere 


Groy Society 
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Abstracts contin 


the porous section the cast 
until the permanent seal 
plished. 

designed specifically for this 
scaling compound has been develop 
Sycamore Here how 
equipment 


The Processing Cycle 


First the castings are cleaned 
degreased that the seal will 
wet the surface the metal. 
they are placed autoclave. 
they are except tionally large, 
circulation used. 

The sealing compound, which 
been heated 180 circulated ove 
the castings for tin 
ture equal that the Thi 
heating expands the pores that 
entrapped gases will casily escape 
the metallic oxides will enter the 
pores. 

After Operation No. complet 
pressure 400 psi applied and 
held for five thirty 
pressure then released and the seal 
ant pumped back into the storag 
tank after which the castings 
washed with plain cold water 
move signs impregnation. 

The impregnated castings are now 
permitted air dry and stand 
for sufficient length time that 
the oxides trapped the pores 
further oxidize and expand. This 
pansion the basis the primary 
sealing, and the oxidation process 
catalyzed speeded the parent 
metal the casting itself. 


Internal Impregnation 


When large parts are sealed, 
This method similar basic essen 
tials the batch method, except that 
circulator installation used. 

All parts openings the large 
casting are off with the excep- 
tion inlet and outlet. The 
sealing compound circulated through 
the casting until brought 
the temperature the compound. The 
outlet then closed and pressure 
exerted the compound the cast- 
ing, thus forcing into and through 
all porous voids the metal. 

This method used 
such parts engine blocks, enginc 
heads, hydraulic press cylinders, steam 
vessels and large water pump parts 
operation ideal where large individ- 
ual parts are hydrostatically tested. 
Tincher Circulator hooked the 


ELECTRIC 
IRONS 
| 


THE FASTEST MOST ECONOMICAL WAY 

APPLY TERMINALS WIRE USE 

AMP AUTOMATIC MACHINES WITH 

AMP PRE-INSULATED* CORROSION 
PROOFED 


capital investment for machinery 
You can make high 1800 com- 
plete, uniform, INSULATED terminations 
per hour. Connections are noise free, 
vibration proof, give extreme resistance 
salt spray, and meet all other stan- 
dards and required most 
simple the most critical applications 
all kinds electrical circuits. 


For hand tool application: AMP CERTI- 
CRIMP* tools are gauged 
insure precision crimp. Tool and terminal are 

dot and color matched. will not release 
until proper crimping pressure has been reached. 


In Canada: ONTARIO, R. M. HUTCHESON, 10 Nordale Crescent, Hardington, P.O. 
Toronto 15, Elgin 5547 
QUEBEC, BRUCE WALLACE, 3275 Linton Apt. 
Montreal, Belair 8345 
AMP Trade-Mark Reg. U.S. Pat. Off. 
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Dependable tiydraulic Seals 


Minnesota O-Rings function air gas 
systems well hydraulic systems. Air 

exclusive injection process makes 
possible very close dimensions, uniformity 
mass production and downright economy. 
use special compounds synthetic rub- 
ber meet your exact requirements. Let 
make quotation your next hydraulic 
packing installation. 


Manufacturers 
all types small 
rubber parts 


Diagram shows 
typical installations 


3630 
MINNEAPOLIS 16, 


Write for O-Ring Catalog 
MINNESOTA RUBBER GASKET 


For Immediate Shipment 


for immediate shipment. Facilities and engineering 
skill immediately available for special specification 
jobs. 


Specialists Universal Joints for over years, 
Curtis offers more than just time saving availability. 
Made the finest alloy steels, accurately machined 
with either solid bored hubs they may 
easily applied most universal joint needs, ranging 
from instrument controls heavy steel mill appli- 
cations. 


ONLY CURTIS OFFERS ALL THESE ADVANTAGES. 


Simplicity fewer parts, simpler construction. 


Universal Joint 


with the Government Tests complete equipment for govern- 
ment tests our plant. 
Write today for free 
data and price list 
CURTIS UNIVERSAL JOINT CO., INC. 
Ring BIRNIE AVENUE SPRINGFIELD, MASS. 
near you your telephone 


MANUFACTURER 
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hydrostatic testing fixture, and 
Seal used the testir 
oozing the Seal through 
meia!—the part held under press 

pickling acid bath. 
compound has effect the 
chineability the metal, and 
water rinse all needed 
move excess compound from the 
ing surface. The Tincher impregn 
tion process may applicd casting 
with baked-on enamel 
chrome plate finishes. 

The process used many larg 
companies for the impregnation 
aluminum, magnesium, and 
castings well for sand cast iron 
stainless, bronze, brass, 
num, and magnesium. has the 
proval the Army, Navy and 
Force, and being used many gov 
projects. 


Sans, Souci 


Libbing the Editor 


There was time when old man 
pretty much his own 
our civilization became more com 
plicated occasions arose wherein old 
man “Supply and Demand” 
work out well. caused lot 
unnecessary suffering and things some 
times got way out line. along 
came which are supposed 
make old man and 
behave better advantage 
supposedly everybody. Then every- 
thing starts get really complicated. 
see how works. 

Engineering young profession 
and has been Struggling many years 
for recognition. Even today has ex- 
tremely limited recognition when con 
trasted with the status law, 
accounting. 

Because the required degree 
learning and training was not excep- 
tionally great the early days, the 
pay engineers was based supply 
and demand, with the supply being 
plentiful. Pay was low. Likewise the 
cost education was 
relatively low. Then the fund 
engineering knowledge grew, the cost 
the education went up. Today 
four-year undergraduate course en- 
gineering costs about 
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Sans Souci continued 


num, plus the loss carnings the 
udent. The total cost amounts 
about $15,000 minimum. amor- 
this investment requires payments 
$75.00 per month for about thir- 
teen years. 

Today industry must have 
success failure almost every 
manufacturing company depends basi- 
cally its engineering. Indeed, the 
productivity per man hour limited 
only the efficiency the design 
the production machinery. Today de- 
sign represents many times greater 
portion the cost the product 
did thirty years ago. Engineers are 
essential. Improvement our mate- 
depends almost entirely 
upon them translating the discoveries 
science into usable products. More 
and more engineers are required, 
peace time war. 

Admittedly accentuated the de- 
crease the number graduates an- 
nually, have great shortage 
engineers today. Old man 
and Demand” has operated increase 
salaries mew graduates about fifty 
percent. Engineers with varying years 
experience also received increases, 
many them switching jobs. The 
shortage became more acute. 
the grace old man and 
would reach salary level commen- 
surate with professional status. But 
then came controls. 

line with all other 
sonnel, engineers have their pay check 
government regulation 
under the Office Salary Stabilization. 
According government men, 
were salaries would 
that wide open question. Signifi- 
cantly, doctors and lawyers have been 
exempted Act Congress from 
salary controls. The shortage den- 

classed profession the eyes 
because the medical profession, and 
presumably the dentists also, have 
protect further their 
American Medical Association has 
many Occasions brought heavy pressure 
bear federal law making bodies. 

Only one the many engineering 
societies has done anything substantial 
further the economic status the 
engineering profession. The National 
Society Professional Engineers ap- 
peared before the Senate Banking 
Committee. That committee, voting 
extension wage price controls be- 
yond June 30, unanimously decided 
exempt from salary controls architects, 
engineers and accountants employed 
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HOOVER. 


since 1934 


with Power 


General-purpose motors. widely varied choice 


Special-purpose motors. For pumps, oil 


fans and blowers. Motors that all 
will meet your specifications 
Ask your distributor, write direct 


electric motors 


There are lot different motors with the same rated horse power. 


Much the same looks, And about the same price. 


But put them work where the going the 
truth out surprising points show 
Hoover welcomes such comparative test. Many manufactur 
ers have pic ked Hoover Motors to pow cr their products because ot 


facts discovered just this way 


When you put Hoover Motor through its you find 
horsepower with endurance. And when you take apart and 
look its you easily see why. 

each mile precision wiring, every working part, Hoover 
Motors are built with what takes for cooler running, quieter 
operation, more reliable power, longer life the job. 

And When needed, where it’s needed, 
service facilities are world-wide—always ready protect your 


customers and guard your good name 


THE HOOVER COMPANY 
Kingston-Conley Division 
Brook Avenue North Plainfield, New Jersey 
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onsulting firms. The Office Salary 
Stabilization, reported, going 

fight this tooth and nail. Give more 
power the National Society Pro- 
fessional Engineers writing your 
senators and congressmen. Get all 
engineers exempted from salary con- 
trols. 

How crazy can get? Here 
time when are urging high school 
boys engineering colleges the 
government virtually preventing en- 
gineers receiving reasonable 
salary increases. Almost every high 
knows that carpenters, 
bricklayers and electricians earn better 
than $7,500 year and locomotive 
engineer about the same, and that truck 
drivers get much $10,000 year. 
air line pilot receives $12,000 
year more, and on. The high 
school boys also know that the aver- 
age engineer gets less than $4,000 
year his first job and considered 
success gets $7,500 year 
twenty years later. prepare him- 
self for such job the high 
school student urged spend 
$5,000 more, plus his loss earn- 
Ings. 

impossible cover all the 
facets this problem few col- 
umns type. But the light what 
developing obvious that: (1) 
Engineers are not pro- 
fessional basis that conducive 
improvement their economic status. 
(2) The value engineers and their 
earned position the economic scale 
not recognized government legis- 
lators bureaucrats. The engineers’ 
status that respect about two steps 
below the level organized labor. 
(3) Increased enrollment engineer- 
ing colleges cannot expected gov- 
ernment controls tend hold down 
engineering salaries. (4) The four 
large engineering societies, the 
basis their past record and because 
they will not engage anything that 
smacks politics, cannot expected 
any help raising the eco- 
nomic level engineers. (5) The 
National Professional Engi- 
neers has done and doing things 
raise the economic status engineers. 
That organization should encour- 
aged and supported. (6) Every engi- 
neer can much toward getting 
professional recognition and status 
writing his congressman and senators 
and urging them support the 
unanimous decision the Senate 
Banking Committee exempting archi- 
tects, engineers and accountants em- 
ployed consulting firms, from salary 
control and urging the extension 
this all engineers regardless 
whom employed. G.F.N. 
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New Hoover. 


you make motor-driven product 
that must work where moisture, 
heavy dust, wood chips, metal shav- 
ings—these new, totally enclosed 
Motors are for you 

And you are getting more for your 
money than with any comparable mo- 
tor the market 

There are both and 
cooled models—newly designed 
trouble out and performance high. 
openings let moisture in. blind 


passages catch dust and dirt. 


working giant small package 


Polyphase motors through 
Capacitor start motors through 
All built NEMA frames. 
compact. More horsepower for 


pouna 


of motor more motor for your 


money in every Way 


ive pecn 


1934. World-wide service ta 


THE HOOVER COMPANY 

Kingston-Conley Division 

Dept. PE-5 

52 Brook Avenue, North Plainfield, New Jersey 


Please send catalog showing ond describing 
complete line of Hoover Motors 


Name 


Address 


City Zone Stete 


| 
| 
eee 
Made and yuarantee tle i eT 
the famous Hoover Cleaners, 
30] 


Practica y non-oredr 


ura 
koo! Pre-set Timer Relays have 
more than proved themselves 
the roughest and toughest jobs 
that could found. Year 
their use increases 
4 fs n 
olled time available from 
r y en or normally sed 


See telephone directory for local dis- 
tributor or write 


DURAKOOL, INC., Elkhart, Indiana 


Unprecedented New Material 
for Lubrication-Free Bearings 


PRE-SET, TAMPER-PROOF 
TIMING 


false contacts 
chatter 
Quiet operation 


Eliminates double contacting 
breaking circuit 


Test RULON—our entirely new plastic bearing mate- 
you want bearings freed from the neces- 
sity for lubrication. “Slippery throughout, from outer 


skin inner core’, 


LON has inherently low fric- 


tion coefficient. Now solving many specialized bearing 


problems, RULON 
molded shapes. 


available extruded rods and 


also mold and extrude Pont TEFLON rods, tubes and 


cross-sectional shapes 


with limit length extrusions. 


TEFLON meets requirements for outstanding chemical resist- 
ance, extreme heat stability, unusual mechanical toughness and 
durability, complete anti-hesive properties. 


Write for properties sheets, factual text and 


RULON and TEFLON 


DIXON SADDLE COMPANY 


Established 1876 


Dept. 


Bristol, Rhode Island 


OUR 
READERS 
SAY 


Old Typo Error 
the Editor: 

chart “Organic Finishes for Metal 
Products” which appeared April 
1951. One material title listed 
Phenolic 
hol-oil combustion. seems 
that this misprint. should 
Phenolic anhydride. ABERBACH 

Mass. 


caught typographical error. Phthalic 
anhydride correct and should 
the title 


Nylon Ball Bearing Parts 
the Editor: 


would like permission 
produce the article Parts for 
Ball which appeared the 
February 1952 issue EN- 
GINEERING for circulation among our 
Nylon molding customers. 

Plastic Engineers, Ltd. 
South Wales, Great Britain 


Ed—We are happy grant permission 
reprint this, providing credit 
given ENGINEERING and 
the Schatz Manufacturing Company 
who originated the material. 


Drafting Standards 
Being Studied 


the Editor: 


noticed your February 1952 edi- 
page 278, the Editors Note concerning 
Drafting Standards. 

For your information and that 
your readers, there underway this 
time, new and revised Drafting 
Standard. 

This standard being written 
committee appointed ASME and 
American Standards Association. 
divided into about subcommittees 
approximately men each repre- 
senting cross section industry from 
all over the country. 

the hope the committee that 
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Our Readers Say continued 


this standard will fill long felt need 

ind will universally used. 
-BERNARD 
The Haloid Company 


Ed—Many readers will interested 
following the progress this com- 
work. 


Legal Snarl Slows 
Ball Bearing Delivery 
Toa the Edit Ws 

For the past number years 
have been subscribers your publica- 
tion, ENGINEERING, and are 
writing you ask you could help 
us. 

are desirous purchasing 
quantity New Departure Ball Bear- 
ings, which are manufactured 
division General Motors, Connecti 
cut, 

Some months ago contacted the 
ferred back their agents, the 
Delco-Remy-Hyatt Co., Lon 
don. 

placed our order for these 
ings with Delco-Remy-Hyatt, who havc 
not been able supply account 
certain unspecified formalitics still 
outstanding between our two govern 
ments. 

These bearings are for 
equipment are building which has 
direct bearing the Rearmament 
Program this country. 

The division General Motors will 
not course supply us, they will 
only deliver their specified agents 
and are writing ask you 
these bearings your own country 

would extremely obliged 
you could let know where could 
purchase the bearings question, and 
possible the total amount dollars 
involved. 

The bearings need are: 

off. New Departure Bearings 
Seal 88504. 
off. New Departure Bearings 
-Seal 8506. 
off. New Departure Bearings 
Seal 88507. 
New Departure Bearings 
88016 
off. New Departure Bearings 
—Seal 88108. 
off. New Departure Bearings 
—Seal 88506. 

The position serious that 
would consider sending one our 
representatives over America pick 
these bearings. 

Bradwell, England 


Ed—Unfortunately there’s not much 
General Motors can for you. 
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Any Product! 


GEARS are part the 

machines you make, there 
finer recommendation for YOUR 
PRODUCT than able say 
“Equipped with FAIRFIELD 


Fairfield, your gears are the 
hands specialists equipped with 
every modern facility for producing 
fine gears efficiently and eco- 
nomically. For the Best Gears, 
Specify Fairfield! 


Gears made order: 


SPUR HELICAL HERRINGBONE SPIRAL BEVEL 
STRAIGHT BEVEL HYPOID ZEROL WORMS and 
WORM GEARS SPLINED SHAFTS DIFFERENTIALS 


FAIRFIELD 


MANUFACTURING CO. 


313 So. EARL AVE. 
LAFAYETTE, IND. 


Send for 
Illustrated Brochure 


GEARS 
Value 
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Socket Head 


4 


CLEVELAND’S 


Add the known advantages socket screws, 
the extra strength and accurate forming that 

results from Kaufman Process manufacture and 
you have extra values without extra cost. this 
cient double extrusion method, steel qualities are 
actually With modern heat treatment added, 
Cleveland Socket Screws are extra tough. And the true 
hex sockets, formed one operation, are clean all 
the way the bottom with sharp corners that give firm 
purchase the key. pays you specify and buy 


Cleveland Socket Head Screws. 


bli 
THE CLEVELAND CAP COMPAN 
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Our Readers Say 


Your first problem one with the 
the British government 
which handles import licenses. 
understand it, against British law 
for anyone import any ball bearings 

without import license the 
government. you can get such 
license, the New Departure division 
has offered your order 
suggests you contact their ball 
bearing sales organization England, 
the Delco-Remy-Hyatt Co. And 
soon the license granted, 
will accept cabled order from Delco- 
Remy-Hyatt speed your delivery. 
Incidentally, they tell that the bear- 
ings listed your letter, come 
several degrees quality, that are 
indicated suffixes the numbers 
These suffixes show various degrees 
precision, tolerances dimensions, 
etc. view this situation, would 
hardly worth your while send 
representative the United States, 
since able bring the 
bearings back England without 
import license. 


Only the Profit Motive 
the Editor: 


would like permission reprint 
the editorial from your November 
1951 issue titled, “Only the Profit 
Motive Can The customary 
acknowledgement the source will 

Pittsfield General Electric 


Engineers 


Ed—We are pleased grant you per- 
mission reprint this editorial. 


Silicon Monoxide 
the Editor: 


are urgent need supplier 
Silicon Monoxide, SiO. Various 
suppliers have been 
queried without success. there- 
fore hopeful you may know 
source for this element. desirable 
that chemically pure grade SiO 

Our prime use SiO for protec- 
tion coating over aluminum coated 
front surface, glass optical mirrors. All 
processing these mirrors handled 
vacuum bell jar. The protecting 
coat SiO prevents formation 
Aluminum Oxide and also retains the 
desired optical characteristics mir- 
rors. —JULIAN PINTO 

Northrop Aircraft, Inc. 


Ed—We were unsuccessful finding 
supplier SiO, since most chemical 
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WHAT CAN 


ZINC DIE CASTINGS FOR YOU 


you are now using ZINC Die Castings 
your products read further—you know what 
follows. 


You who have products requiring metal parts 
may overlooking obvious means materi- 
ally lowering production costs you have not 
fully investigated ZINC Die Castings. Those 
product designers who utilized this metal and 
method production the tune 225.000 
tons castings last year, did for simple 
reason—they did the job best the lowest pos- 
sible cost. Low price tags are the key selling 
the huge quantity goods industry now 
capable producing. 


The economy this means manufacture lies 
the high speed with which almost finished 
parts can produced one man operating 
single die casting machine. The approximately 
300 “gates” shown above were cast this 
plunger-type machine one hour—and each 
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now? 


contains different castings. Thus the 
production the rate 1800 castings per 
hour! 


ZINC Die Castings are produced close 
finished form and detail that little machin- 
ing required. Furthermore, the ability cast 
complex shapes means that one part can fre- 
quently serve place several. This, plus the 
fact that mounting elements can integrally 
cast, greatly minimizes assembly costs. 

Add the foregoing the dimensional accuracy 
and unusual physical properties ZINC Die 
Castings and you have the principal reasons why 
you should consult commercial die caster 
soon possible—or write us. 


The Research was done, the Alloys were developed, and most Die Castings are based 


HORSE HEAD SPECIAL ZINC 


: 
fit 
ry 
IC 
er 
us 
a 
1g 
The New Jersey Zinc Company, 160 Front St., New York FOR DIE CASTING ALLOYS 


WITHOUT TALKING BACK 
CUSTOMERS 


Wheeler Sound Powered Telephones 
do a triple job of time-saving, work- 
speeding and good customer relations 
in Boston and Connecticut arcas of the 
First National Stores 


Specially adapted to tic in with the 
Store imtercom and loud speaker sys- 
tems, Wheeler units permit Meat and 
Produce Managers communicate with 
wrapping and supply departments with 
out having noisy (and nosvibly 
conversation carried back over loud- 
speakers to be heard by customers 


Many installations of Wheeler Sound 
Powered Telephones stress this im- 
portant feature of privacy. All stress 
economy, dependable operation, com- 
plete freedom trom maintenance, no 
outside power source Write us for 
literature 


WHEELER 


SOUND POWERED 
TELEPHONES 


COMMUNICATION 
EQUIPMENT 
| 


TRANSFORMERS 


WHEELER 


INSULATED WIRE Inc. 
Division the Sperry Corp. 
1110 EAST AURORA ST. 


WATERBURY 20, CONN. 
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Our Readers Say 


feel that too unstable 
for commercial handling. But 
used the manufacture abrasives, 
suggest you contact abrasive 
maker (like the following) and they 
may able help you find 
Norton Company, Worcester, 
Mass.; Carborundum Co., Niagara 
Falls, Y.; Philadelphia Quartz Co., 
Philadelphia, Penna. 


Low Cost Coupling For 
Small Diameter Shafts 


1 the dite) 


During recent years, have 
tained good results using thin 
wire band the form loop 
sawing machine. shown 
accompanying sketch, the saw spindle 
rotates conical bearings; spindle 
speeds range 8,000 rpm. 
compared with number alternative 
methods, the wire loop transmits 
minimum amount vibration. 


Conica 


bearings 


addition when using the wire 
the saw concrete bed cus- 
tomary when using flat belt drive. 


The wire loop coupling has also been 


CO 


ing, It 


used drive micro-abrasion testers 
over a 10,000 to 20.000 rpm speed 
rang GRODZINSKI 

London. Eneland 


Phosphate Coatings 
7 he Editor 

have been quit 
additional 
phosphate coatings and have just fin- 
ished reading your very complete 
article this the February issue. 
the government specification number 
the various trade names for these 
ind wond 'f if you could 


interested 


outing 


continued 


| 
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TMI Specializes 
Cold Drawn One-Piece 
Stainless Steel 


Capillary 
its “Extensive 


research and production tests 
all types Stainless 
Steel Tubing prove 

the advantages our unique 
method cold-drawing bulb 
capillary SMOOTH 
inside and outside surfaces 
and absolute elimination 

uncontrolled inside surfaces, 
leaks and failures. 
This TUBE METHODS 
development means extra 
economy, too. will pay you 
write for quotations 
YOUR specific Bulb 
Capillary Unit 


requirements.” 


im) 


| a 
spindle 
wire 
Motor drive 
METALLURGISTS ENGINEERS MANUFACTURERS 


Readers Say continued 
furnish enough such information 
hat can the original manu- 
facturer for further details. are 
interested 
some high grade steel used the oil 
and also protecting 
cadmium zinc coated surface. 
also need information 
aluminum. —D. JOHNSON 
Engineering Co. 


Ed—The author this article, Mr. 


-vcles. 
Norman Gentieu the American work assure the 
Chemical Paint Co., Ambler, Pa., will servatively with 
pleased supply all the informa- longest wea adjust 
tion you requested. 
when 
men are designe 
space 
Who Uses Computers? work very 
have read with interest the article For all the 
transformers, which, its principal that 134-A. 
might see our way clear the cent capacities 
construction full-fledged working fected dis 
models. 
and industry such device 
would used. The names specific 


Organizations would course par- 
ticularly helpful. 


FREDERICK RYDER 
American Hydromath Corp. 


pretty difficult list actual 
companies who might interested 
such device. Computers are solving 
daily problems practically every air- 
craft plant the country. Govern- 
ment agencies doing research and de- 
sign aviation, ships, electronics, 
ballistics, and guided missiles use these 
computers also. High speed machinery 
manufacturers are another possible big 
user for vibration studies. 


Light Metal Alloys 
the Editor: 


the February 1952 issue 
ENGINEERING read with inter- 
est the article titled Bath Dip 
Brazing Aluminum Mr. 
Wallace the Sperry Gyroscope 
particular, were in- 
terested the reference made sev- 


BRANCHES: CLEVELAND 


DALLAS DETROIT - 


1952 


ANGELES - 


MEWARK MEW ORLEANS SEATIVE 


Tulsa 
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ngineered for your 
specific sealing requirements 


There are packings 
oil seals the complete 
Trostel standard sizes. 
The seal leather 

individually developed for the 
requirements each specific 
application one more 
three separate and distinct 
Trostel laboratories 


Working closely with the 
laboratories, the Trostel tool 
room designs and builds 

the tools which make possible 
retain production 

special properties and 
tolerances originated the 
laboratories and pilot plant. 


Modern production machinery... 
specially designed permit full 
automatic control critical 
time, pressure, and temperature 
cycles... provides further 
assurance consistent quality. 


invite your inquiry. 


MODERN PRODUCTION MACWINERY 


TROSTEL SONS COMPANY 
General Offices and Packings Division 
Sales Offices: Houston © Los Angeles © Worcester, Mass 


ALBERT 


Milwaukee Wis. 
e San Francisco © Seattle 


Our Readers Say contint 
eral types 
sium alloys for casting. 

feel that have need 
material this type and would 
help from you 
where may contact the 
these materials. The trade names 
the materials involved are: 
Ternalloy and Tenzalloy. 


Ae) Cort 


Ed—The names and addresses 
suppliers these alloys are: 
Aluminum 
America, Pittsburgh 19, Pennsylvania 
Ternalloy Smelting 
6700 Grant, Cleveland, Ohio. 
Tenzalloy—Federated Metals Divi 


American Smelting and Refining 
Co., Perth Amboy, New Jersey. 


Heat Resistant Adhesives 
the 


Please indicate brand names and 
the February 1952 issue 
ENGINEERING 

Thomas Edison, 


cannot give you any brand 
names these materials, 
adhesives described were developed 
and are being used General Motors 
They were developed Mr. 
Kearfott and Mr. Roush the 
General Motors Research Laboratories 
Detroit, Michigan. 


ERRATA 


Jan., 1952 Page 150. Diesel 
Cooled Forced Air. Cologne, 
Rhine incorrect address for 
Kloeckner-Humboldt Deutz 
The correct address Cologne, Ger- 
many. Inquiries may sent the 
United States the Diesel Energy 
Corp., West St., New York New 
York 

Feb. 1952 Page 242. Surface Temper- 
itures Accurately Checked. The Phao- 
stron Company was incorrectly listed 
the supplier this thermometer. Cor- 
rect supplier the Pacific-Transducer 
Co., 11921 West Pico Blvd., Los An- 
geles 64, California. 


March, 1952 Page 218. Nema Frame, 
Face Mounted, Integral Motors. 
Address this supplier not 360 
Michigan Ave., Chicago, Cor- 
rect address the Hoover Company, 
So. Michigan Ave., Chicago 
May, 1952 
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LABORATORY CONTROL 
COMPLETE TOOLING FACILITIES 


VASE HISTORIES FROM 
VERNON FILES 


Seeking lower manufacturing costs with- 
out any sacrifice product Jaen 
Electromotive Corporation, Long Island City, 
gave die casting chance solve the 
problem producing gear-train housings for 
synchronous motors. Previously, such housings 
had been sand cast. 

The result the experiment that Jaen nou 
Specifies die casting. For has found: (1) the 
die castings produced Mount 
Vernon cut machining costs over 50%; (2) 
etched name-plate can eliminated, since die 
casting permits company name motor 
specifications clearly cast into the hous- 
ing; (3) over-all appearance the die cast 
units decidedly superior. 

Added these advantages, are those real- 
ized the spot, the casting made. 
Namely, extremely fast production, since die 
cast items produced virtually one opera- 
tion, the die closes; and material 

Says Electromotive Corporation: 


over-all cost the die castings only 
that the machined sand cast aluminum pieces 
initially used. shall able reduce our 
list price this type unit, and increase sales 

The next time you have select manufac- 
turing procedure, remember this example 
remarkable savings made possible die 
casting and consult with us. shall wel- 
come the opportunity help you increase your 
output, improve your products, and down 
your production costs. 


VERNON 
NEW YORK 


A_ 


a 4 


YOUNG MEN 
VISION 


Their future based decisions made today. The 
next problem. Indiana Gear proves from past success 
highly competitive business that its policy using 
master craftsmen, fine equipment, skilled sub- 
contractors, and men vision,” exemplifies the 
perfectly coordinated planning necessary solve the 


gear problems today. 


GEAR 


fy 


The driven gear shown here pitch diameter 


and 15” long overall. carburized and hardened 
with heat-treating distortion held within .001”. 


INDIANA GEAR WORKS INDIANAPOLIS INDIANA 
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NEW 


Symposium Structural 
Sandwich Constructions 


American For Testing 
rials, 1916 Race Street, Philadel 
Paper cover, 


The eight significant papers and dis 
cussions comprising 
were sponsored ASTM 
C-19 Structural Sandwich Construc 
tions and presented the 1951 
nual Meeting the American 
for Testing Materials. 

Structural sandwich constructions, 
usually employed, consist laminated 
materials which the faces are rela 
tively thin, strong, and dense, whereas 
the cores are relatively weaker than 
the faces. The objective obtain 
structure that strong and stiff be- 
cause its construction, but the 
same time light weight, has other 
desirable attributes not obtainable with 
the components used singly. 

The papers presented this sub- 
ject cover the various types sand- 
wich construction materials, their de- 
sign, fabrication and applications. The 
authors are men well versed this 
field. 

This symposium was arranged 
provide wider acquaintance with 
sandwich constructions. The papers, 
with illustrations, 
graphical references, charts and graphs, 
should particular value those 
responsible for the design 
struction aircraft, large buildings, 
houses, etc., well those concerned 
with aluminum, wood, adhesives, plas- 
tics and fields testing. 


Electrolytic Manganese and 
Its Alloys 


REGINALD DEAN, E., 
Metallurgical Engineer and Consultant. 
Formerly, Chief Metallurgist and 
the Ronald Press East 
St., New York 10, $12. 


Much progress has been made since 
1936 the production 
manganese and the development 
its uses. The first practical method for 
producing electrolytic manganese was 
developed this date under the 
authors direction the Bureau 
Mines. This book covers the produc- 
tion electrolytic manganese, the 
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Books continued 


and ases alloys which 

inese produces significantly different 
roperties than would other types 
Much the material 
from published reports the 
Bureau Mines, which has been 
idded substantial amount hitherto 
inpublished material from the 
laboratory work. Reference has 
cen made practically all the work 
vhich has been done the field. 

The result comprehensive work- 
ing reference volume bringing 
nformation process which can 
well make manganese important 
ontributor our domestic mineral 
economy The book 
should prove useful mining, metal- 
lurgical, and chemical engineers, 
makers, fabricators, and users light 
metal alloys, electroplaters and 
power engineers. 


Electro-plating, 6th Edition 


SAMUEL FIELD, City and 
Guilds London Institute, and 
WEILL, Technical Director, 
Grauer and Weil, Ltd., London. 546 
Pitman Publishing Corp., 


This book survey modern 
methods being used 
United States and England. 
the latest edition series, the first 
published 1930, covers ad- 
vances made electro-plating tech- 
nique during the last years. 

Chapters through VII comprise 
detailed discussion the fundamental 
chemical, metallurgical 
principles electro-plating. Chapter 
several appropriate charts including 
three page coverage standard com 
pounds listed with their common 
names. 

Mechanical and chemical cleaning 
parts before and after plating 
covered Chapters and and 

From Chapter XII through 
and 
methods use relative the fellow 
plating material are 
sented: copper (acid bath); copper 
(Alkaline bath) silver; gold; 
zinc; iron; tin: lead 
and rare metals. Chapter 
sents advances gained recent years 
toward practical methods using elec- 
tro-deposits enhance the corrosion 
resistant qualities aluminum and 
magnesium. Deposition 
bronze, speculum metal and other 
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You'll find 


Air Valves for every job 
this 


For 
Trigger Quick Control 
All 
Equipment 


Solenoid In-Line Valve Foot Valve 


Straightway, way, way 


Sizes: Va" thru 


plus simplified construc 
tion with only one moving 
add more de- 
pendable performance, longer 
life, reduced maintenance 


COMPACT! The compact de- 
them especially adaptable for 
installations where 
limited. 


ECONOMICAL! Yes with 
all their extra advantages, MAC 
valves are actually priced lower 
than many ordinary air valves. 
investment that really 
Pilot Valve Valve pays off! 


MECHANICAL AIR CONTROLS 


BOX 5171 SOUTHFIELD STATION, DETROIT 35, MICH 


For Free Catalog No. 52-B 
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SMALLER 


LIGHTER 


SERIES 


Hermetically Sealed Relays 


The R-B-M 22300 hermetically sealed telephone type relay the 
electrical and mechanical equivalent 3304-1, except for 


smaller size and mounting dimensions. 


improved armature design, plus high temperature molded 
nylon coil bobbin, provides greatly improved magnetic efficiency 
and enables R-B-M reduce the overall size the relay. The 


R-B-M 22300 design still retains palladium 
cross-bar contacts identical those used 
the larger size. 


Maximum contacts—6 Form and Form 
C-3 ampere Volts. coil construction 
only. Maximum coil resistance 5000 ohms. 
Minimum power .75 watts. Also available 
3304 can for dynamotor low capacitance 
application. 


Write Dept. C-5 for ASR Bulletin. 


Optional Mounting 
Arrangements 


R-B-M DIVISION 
ESSEX WIRE 


ogansport, Indiana 


New Books 


loys explained Chapter 
Chapter XXIV describes the 

methods testing 
Chapter XXV covers processes 

with conventional electroplating 

Parkerizing and bonderizing. 
XXVI metal coloring and 
information pertinent the vari 
electro-plating operations 


Typical Microstructures 
Cast Iron 


Published by British Cast Ih | | 
Association, Alvechurch, 
England. pp. $2.10 


the rs, $2.94 10 non-me mibe 


This book intended for found 
and any 
} 


cast iron required evaluate 
crostruc.cure 
requirements. 
rographs the principle typ 
cast iron normally encount ered 
introduction expla 

the dependence structure and 

composition. considers 
the mode occurrance and appearan 


specified 
ovides. for ret 


the various constituents cast 
The forty-one photomicrographs 
cluded this volume are accompanied 
the facing page. They are 
three main sections. The first deals 
with the principle constituents 
ring cast iron. The second depict 
the structures typical unalloyed 
alloyed cast irons, including 
cast iron. The final section 
some typical defects 
iron castings used the industries 


Treatise 
Powder Metallurgy, Vol. 


D, rector of Re Sinte rod 
Corp. America, Adjunct Prof. 


6 x 9 Published by Interscie NCE 
Publishes Ne rk, N. $22 


This, the last three volumes 
powdered metallurgy, classified 
and annotated bil con 
sists of two parts. 

Part literature survey. Refer 
ences are divided into the following 
(1) Powder Metallurgy 
General; (2) Production and 
position Powders; (3) Powder 
Processing and Equipment 
(4) Powder Metallurgy, Products 


May, 


4 
AUTOMOTIVE, INDUSTRIAL, COMMUNICATION AND ELECTRONIC 
312 


MAKING 


Ordnance 
Equipment? 


Washing 
Machines? 


BOTH? 


you the same 


and bearings are installed simple press fit—a job 
that new personnel can learn jiffy. 
accurately die-formed powder metallurgy—need costly, time- 
consuming machining make them fit. They free your machine tools and skilled manpower 
for other, more important tasks. 
and have exceptional service advantages, too. Their 
porous structure holds ample lubricant supply for thousands operating hours, 
without renewal. They often outlast the equipment which installed! 


BEARING COMPANY 


Get the full facts and 
bearings write for 
information your company letterhead. 


“BOUND BOUND BROOK, BOUND BROOK 9-0441 
Manvfacturers bearings and ports Established 1883 


1952 


need anew special relay...quick! 
must compact, shock-proof, and 
100% water-proof...to function 
below zero 165° above. And 


want initial production 
That’s what the man asked for. and 


that’s just what got from Riverside. 
Yes, within the specified time, Riverside 
engineers had designed product 
meet those tough specifications and 
Riverside’s complete, versatile produc- 
tion facilities had turned out sufficient 
quantities fill initial delivery require- 
ments. The relays were tested and ap- 

proved used immediately break 
serious bottleneck that had stopped the customer’s production. 


You might think that’s unusual But actually it’s 
typical the way things get done Riverside. Yet service only 
one the reasons why Riverside has become leading producer 
wiring harnesses, devices, and assemblies. Cost and quality are the 
other important factors. And, chances are, our specialized engineer- 
ing and manufacturing facilities can quickly find way make 
your electrical components better for less, too. Why not send 
your specifications, prints, samples for prompt recommendations 


COMPETENT SERVICES PRODUCTION FACILITIES 


POSITIVE OVER QUALITY 


Manufacturing 
AND ELECTRICAL SUPPLY COMPANY 


10225 MICHIGAN AVENUE DEARBORN, MICHIGAN PHONE Tiffany 6-6800 


WIRING HARNESSES AND ASSEMBLIES CORD SETS HEATER AND EXTENSION 
CORDS ELECTRICAL SWITCHES RELAYS MOLDED RUBBER PRODUCTS 


New Books 
Their Composition, Properties, 
Manufacture; and (5) Theoreti 
Discourses. Material published 
tain, Germany, Russia and other 
eign countries are included besides 
which has originated the 
States. 

Again, foreign well America 
contributors are included. 
American patent notations, the 
tor given, and where possible, 
assignee. all other countries, the 
companies owning the 
named where published the head 
the patent. facilitate searching 
patent date given all cases that 
issue rather than filing. 


Electrical Engineering— 
Volume Direct Currents, 
Fourth Edition 


Harvard University, 736 pp, 
Co., Inc., 330 New York 
36, Y., $7.00. 


College textbooks are frequently 
used practicing engineers for 
erence review. Generally, the sub 
ject matter textbooks presented 
great detail and arranged that 
the reader can absorb easily 
possible. Electrical Engineering can 
serve reference for the self-in 
struction those engineers who had 
minimum electrical courses 
their schooling. 

This new edition provides the stu 
dent who beginning the subject 
clectrical engineering with course 
which includes both theory 
tice the field direct currents. 
general, the book covers electrical cir- 
cuits and circuit theory, primary and 
secondary batteries, 
ments, and measurements, magnetism, 
electrostatics and the dielectric circuit, 
electrical machinery and direct-current 
power transmission. Each subject 
developed from elementary, fundamen- 
tal relations and carried level 
which advanced for most 
undergraduate curricula. 

Throughout the text 
placed mathematical and theoretical 
treatment each subject and each de- 
velopment illustrated numerical 
example. order assist the student 
understanding and retaining the 
theories which are developed, the 
numerical examples are applied 
actual electrical apparatus. The con- 
structien modern electrical appara- 
tus illustrated with drawings and 
photographs supplied 
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New Books continued 


addition, methods 
conducting laboratory work are 
lescribed for both measurements and 
nachinery. These include electrical 
onnections, and methods obtaining 
and computing results. 

The new text now completely 
date, including recent developments 
applied electrical science which will 
the student thorough under- 
standing basic analyses electric, 

and physical phenomena 


Selling Industry 


BERNARD Man- 
agement Engineer, 255 pp, in. 
Published the Industrial Press, 148 


$3.50. 


This book manual practical 


who wants analyze and im- 
prove his methods finding, contact- 
ing, selling, and servicing industrial 
customers. The author claims that sell- 
ing any prospect does not 
necessarily follow beaten path. Pros- 
pects and salesmen vary 
ment, habits. and interests. The prod 
ucts sold ditfer, and there are always 
new problems their application. 
Therefore, proper preparation, and 
orderly procedure are necessary. The 
author gives the key points, which 
has found, from experience, 

The book written short articles, 
and grouped series sections 
titled: Prospects are Our Just 
How Prospects Buy; Sales Pro 


ac- Interviews; Sell the Prospect’s 
Getting Help From Others: Use 
all Our Sales Tools: Mee: the Pros- 
pect Objections Followup the Cus- 
Decision Grow Power and 
Sales When Orders Hang 
Trees. The author writes well. 
en- 
vel 


The Welding 
Non-Ferrous Metals 


Lafayette New York 13, 


ideas and suggestions for the sales en- 


ical Wiley Sons, Inc., 440 
de- Fourth Ave. New York, $8.50. 
The purpose this book place 
record basic information the 
application the various welding 
processes, the non-ferrous metals. 
The book has been written with two 
main classes reader view; the 
welding engineer, operator, instructor 
Xu 


and trainee the one hand and the 


HEAT EXCHANGER 
COOLER CHILLER 


for heating cooling... 


WATER-HYDRAULIC OILS-LUBRICATING OILS 
COOLANTS CUTTING OILS OTHER LIQUIDS 


Our engineering department will gladly assist 
you, just has numerous other organizations, 
design and selection proper exchanger for 
your particular requirements. 


heat exchanger specialist from the factory 
immediately available. Just call Providence, R.1., 
GAspee 1-2600, wire write. 


= 


shapes 


3 


ARE 
FOR 
ling 


New Books contin 


Sealed 


designer, works engineer and meta 
gist the other. There 
describe detail all the 
processes Brief 
cluded, however, assist the 
who might new welding 
Fusion welding, resistance weld 
and pressure welding are discus 
Separate chapters are alloted 
minum, copper, nickel, lead, zinc 
their alloys. Also covered are the 
melting point metals, high meltin 
point metals and the precious metal 
The author writes metallurgic: 
authority and each section reveals 
metallurgical foundation but the boo! 
successfully informs those who wis 
weld practice and the metallurg 
the matter does not interfere unduly 
welding done there included 
for doing things are 
flaunted the face the reader 
nevertheless constitute the foundatio 
the book. Coverage 


TIME DELAY RELAYS 
CIRCUIT RECLOSING 
RUNNING TIME METERS 


Copyright, Design and 
Patent Guide 


tered Patent Attorney, 125 page Sy 53 i 
Inc., Halesite, $2. 

The basic principles the present 
copyright and patent laws are outlined 
and discussed aid authors, inventors, 
businessmen and artists distinguish 
ing between the different types pro 
tection available, 
patent, copyright design protection 
best suited for specific work, 
the like. written clearly and 
concisely. comprehensive index 
included help the reader find any 
the various topics discussed. 


new series highest quality, rigidly tested 
instruments enclosed hermetically sealed containers 
approved type meet military and civilian 
requirements. These instruments are compact, 
dependable every way and designed for efficient 
performance under specified conditions altitude; 
acceleration, inclination, vibration, humidity, salt 
spray, dust, fungus, They are typical examples 
advanced Cramer Time Control Engineering 
Write for special Bulletin No. 4000A. 


BOX CENTERBROOK, CONN. 


Builders dependahle timing devices for than years. 
INTERVAL TIMERS «© TIME DELAY RE AY RESET TIMERS CYCLE TIMERS, 


General Metals 


lished Publishing 
Co., Inc., 330 42nd St., New York 
36, $3. 


This the first book the 
McGraw-Hill Publications 
trial Arts series. was written fill 
the needs modern industrial arts 
program general metals. gives 
students broad, basic experience the 
fundamentals metalwork and the re- 
lated information needed make 
them more intelligent producers and 
consumers metal products. 

Sections the book deal with the 
various phases metal working 


) 


THIS... 


gained making billions metal 
powder parts, plus 
knowledge our business, adds 
real and tangible benefits for our 
customers. 


The result our experience and 
edge constantly widening choice ma- 
terials and applications. The results our 
research are techniques that produce closer 
tolerances, improved physical properties and 
more complicated designs. 


all adds the fact that metal powder parts 
made Moraine more and better jobs each 


year that they are produced faster and 
lower cost. 


MORAINE PRODUCTS 


DIVISION GENERAL MOTORS 
DAYTON, OHIO 


ADDS 


Patented Flexible Disc Rings 
special steel transmit the 
power and provide for mis- 
alignment and end float. 


Thomas Couplings have wide 
range speeds, horsepower 
and sizes: 
40,000 
30,000 RPM 


Specialists Couplings 
for more than years 


FRICTION 
WEAR and 


PATENTED 
FLEXIBLE 


THE THOMAS GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITIONS MISALIGNMENT. 


MAINTENANCE 


ALL PARTS ARE 
SOLIDLY BOLTED TOGETHER. 


Write for the reprint 
our Engineering 


THOMAS FLEXIBLE 
COUPLIN 


WARREN, PENNSYLVANIA 


New Books continued 


bench metal, sheet metal, art metal and 
jewelry, forging, heat treating, foun- 


dry, welding, machine shop and metals 


and metal products. .An introduction 
discusses elementary 
and final section presents suggested 
projects. 

Each the unit discussions deals 
with basic Operation, gives instruc- 
sents related information equip- 
ment, tools, materials and occupational 
opportunities. The instructive 
ties the book are 
appealing design, well chosen illustra- 
tions and helpful discussion questions. 
This volume suitable for general 
metal shop for the various high 
school and college industrial 
courses and for 


Planning 


And Plant Layout 


WILLIAM GRANT IRESON, Acting Pro- 
fessor Industrial Engineering, Stan- 
Published Prentice-Hall, Inc., 


The ultimate aim this book 


what is: engineering problem 
that can solved the systematic 
collection data, logical analysis 
the data, and the application imag- 
ination and initiative. 

The final measure the effective- 
ness factory plan lies the cost 
manufacturing the product the 
plant. Cost, then, must one the 
measures that are applied every step 
the procedure. Considerable stress 
has been placed upon the necessity 
considering all possible alternatives 
that might selected and the effects 
each alternative the costs 
operation. The choice that set 
alternatives which will minimize the 
economy, and Chapter has 
been devoted this subject order 
equip the reader with the proper 
tools for analyzing the cost aspects 
the several alternatives. 

upon obtaining all the facts and 
basing decisions upon the analysis 
these facts. Hunches, vague notions. 
and preconceived ideas bases for 
decisions should eliminated fac- 
tory planning well all other 
areas industrial management. Thc 
engineering approach the problem 
factory planning dictates that the 
problem objective determined 
that the facts obtained and recorded 


logical and methodical and 


Joe, where can 
get these small 


the quantity 
need?” 


Torrington, 
Tom! They turn 
out hundreds 
thousands 
precision metal 
parts 


automatic machines 
steadily and efficiently Torring 
ton, keeping the nation’s 
leading manufacturers supplied 
with small precision metal parts 
made their specifications. 
Whether you need 
furnish them surprisingly low 
cost. 

Just send sample blueprint 
your metal components 
Tell how many you need. We'll 


give you prompt 


THE TORRINGTON COMPANY 
Specialty Department 
554 Field Street Torrington, Conn. 


Makers 
TORRINGTON 
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New Books continued 
iat the conclusions drawn care- 
ithout being influenced personal 
rejudices. This basic 
ecommended repeatedly this book 
factory planning. 

Small and medium size plants have 

een used the illustrations and 
problems that the reader can grasp 
the ever-all aspects the problem. 

series factories, for large an! 
complicated product, such auto 
mobile, actually consists number 

smaller problems planning 
ties for production component parts 
and sub-assemblies and final assembly 
lines. Each these smaller problems 
will embrace all the usual phases 
factory planning. Such large factory 
planned parts, with each part pre- 
senting problem manageable 

Thus, the procedures presented there 

are simple and direct possible, 

volving minimum forms, charts 
and drawings, yet are equally applic- 
able the planning manufacturing 
facilities any magnitude. 

Factory planning changing field. 
building 
equipment, raw material produc- 
tion processes are occurring rapidly 
that almost impossible present 
factual data that will applicable 
accurate for even few years. Thus, 
factual data that are subject 
have been kept minimum, the 
belief that will essential for each 
planning engineer obtain the data 
suit his own problem and conditions 
Instead, emphasis has been placed 
methods, and illustrations have been 
used stimulate ideas and originality 
The successful planner will 
bound tradition and past practices. 
will depend upon his 
previous practices for 
point but will search for new ideas. 


The Technique Clear Writing 


Co., 330 42nd St., New York 36, 
$3.50. 


The emphasis readability 
this latest the how-to-write- clearly 
books. The author readability 
counselor, and his formula for clear 
writing based widespread reader 
unto others you would 
written 

Anyone who must write his daily 
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MOTIONS 


gineers have solved this proble application 

the Precision eries Low-Cost Series BAL 

can now make tremendous 


products ALL BUSHINGS guide rods, reciprocating shafts, 
actions, for support any mechanism that moved 


shaft diameter 


LOW FRICTION LOW MAINTENANCE 
ELIMINATES BINDING AND CHATTER 
SOLVES SLIDING LUBRICATION PROBLEMS 
LONG LIFE LASTING ALIGNMENT 


Progressive Manufacturers Use Ball Bushings 


THOMSON INDUSTRIES, Inc. 


Dept. MANHASSET, NEW YORK 


Write for descriptive literature and the name our 
representative your city. 


| : 
Improve your prdduct. Up-date your design and performance with 
manufacturers NYLINED Bearings DuPont NYLON 
ithin metal sleeve—for rotation and reciprocation. 
319 


BALL BEARING 


film oil forms between cylin- 
drical washer (A) and the tapered 0.D. 
inner race (B). This strong film oil seals 
the keeps the lubricant in, 
keeps dirt out yet there rubbing 
contact between the sealing elements. 
The FILMOSEAL bearing thus has all the 
advantages bearing, plus the 
freedom rotation open bearing: 


@ Permits the use of oil instead of 


Low starting and running torque. 
Torque constant over long periods. 
Adjusts for pressure variations. 

heating scoring high speed. 
Remains sealed any position. 


Maintenance greatly reduced. 


FILMOSEAL precision bearings are available 
mm. and corresponding 


WRITE FOR 
COMPLETE 
DESCRIPTIVE 
LITERATURE 


LANDIS GYR, INC. 


45th St., New York 


New Books continued 
work—letters, reports, memorandums, 
technical articles, 
from the material this book. Mr. 
Gunning first gives his reader yard- 
stick check written material. His 
“fog more easily obtained 
than the better known formulas 
Rudolf Flesch, Edgar Dale and others. 
Based average sentence length and 
number words with more than three 
syllables, the fog index 
writer that turning out 
and complicated wordage. 

Ten Basic principles are offered 
the writer guide better writing. 
The author warns that these are not 
rules make writing automatic, 
merely principles applied with 
thought. 

Keep sentences short. Average 
sentence length should about twenty 
words. The author stresses the word 
average principle, because 
there nothing wrong with well writ- 
ten sentences that use words 
long they are varied with short 
sentences. example, the author 
cities typical page from Thomas 
There are words one sentence 
the average length all sen- 
tences that page only words. 

Prefer the simple the com- 
plex. This principle really made 
five preferences: Prefer the 
familiar word the far-fetched, pre- 
fer the concrete word the abstract, 
prefer the single word circumlocu- 
tion, prefer the short word the long, 
prefer the Saxon word the Romance. 

Use the familiar word. There 
are about half million words the 
dictionary, but the 
knows only between 10,000 and 30,- 
000. understood the writer 
must use words the reader knows. Big 
men use little words; little 
| ig words. 

Avoid unnecessary words. Toss- 
ing out words that say nothing and 
dropping the mock-legal tone makes 
piece writing quicker read, 
easier read and easier understand. 
People who write the same thing twice 
isually are not clear their own 
minds what they want say. 

Put action your verbs. Strong 
verbs give writing bounce and hold 
attention 

Write you talk. You 
write exactly what you might say be- 
cause most people talk rather untidy 
But bushed-up spoken ver- 
ion easier reading. 

Use picturable terms. The short 
simple words usually stand for things 
the reader can see and touch. Abstract 
words require additional words get 
and idea the reader. 

Tie with the experi- 


ONNECTED 


ECONOMICAL, EFFICIENT 
EVERY MACHINE TOOL 
AND INDUSTRIAL USE 


— 


THE 


| 
320 


\\\ 


FORMICA GLASS BASE GRADES 


laminated plastics impregnated with phenolic, mel- 
amine silicone resins provide the most reliable electrical 
properties: 
High resistance heat, fire, arcing and acids 
Excellent electrical insulation 
Great mechanical strength 


For the really tough, heavy duty insulating jobs, rely 


these Formica super-insulators. For complete information, send 
today for Formica general catalog. 
THE FORMICA COMPANY 4676 SPRING GROVE AVE., CINCINNATI 32, OHIO 
Please send free Formica 
NAME 
Productive COMPANY 
nnor« 


| | 


Serving 
INDUSTRY 
since 1887 


Standard and Special Washers, 
every description, from every 
kind material, any desired 
finish designed for every 
utilizing more than 


22,000 Sets Dies. 
Let Quote Your Needs. 
MFG 
MFG. 


ROUGHT WASHER 
SOUTH BAY STREET MILWAUKEE WISCONSIN 


MACHINE 


FIT THE 


Elwell-Parker Truck 


Lifting much 2,000 pound load and then 
“walking away with it,” is easily handled by this 
compact fork truck, built Elwell-Parker Electric Company, Cleveland, 

Ohio. powered Wisconsin Heavy-Duty Air-Cooled Engine. 

Buyers and builders fine equipment look for many factors selecting power. And, those 
factors you look for, find and endorse are built into Wisconsin Engines. For instance, there's 
fool-proof air-cooling, summer and winter. You'll also find that a Wisconsin Engine crank- 
shoft rides both ends tapered roller bearings, reducing the chance bearing failure. 
OUTSIDE, easily-serviced rotary-type high tension with impulse coupling for 
faster starts, plus positive lubrication, also add power dependobility. 

Write for telling about all 4-cycle single-cylinder, 2-cylinder and V-type 
4-cylinder models, hp. 


WISCONSIN MOTOR CORPORATION 


NAUKEE 


New Books contin. 


ence. The writer must understand 
remember, act upon what writ! 

short sentences and long 
simple, compound and complex 
tences. 

10. Write express, not 
press. Writers often confuse forma! 
with elegance and long words. 
use the latter sign deep thoug 
Instead impressing, they cont 
the reader. 

Two appendices the Technique 
Clear Writing are particularly 
for those who want remove 
sion from their writing. One 
ing 3000 familiar words. The 
ond list short picturable 
tutes for long abstract words. 


Tractors and Their Power Units 


Eng. Michigan State College; 
USPA Tillage Machinery 
Roy Prof. and Chairma 
Div. Agr. Eng., University 
John Wiley Sons, Inc., 440 
New York 16, $6.50. 


This intended suitable text 
for teaching courses tractors and 
their power units students pro 
courses. may also serve useful 
reference for the practicing 
the farm equipment industry and 
allied fields. 

Considerable space devoted the 
internal combustion engine its 
Carburetion, fuel injection and com- 
bustion are also discussed detail 
are tractor chassis, traction, stability 
and hitches. Fully illustrated. 


New Lessons Arc Welding 


312 pp. The Lincoln Electric Welding 
Company, Cleveland, Ohio. 


The objective this book 
present concise manner certain 
fundamental facts welding en- 
able the welder use the welding 

rocess successfully and economically. 

book resulted from enlarge- 
ment, the addition new material, 
series lessons that forms the 
basis instruction the Lincoln Arc 
Welding School. There are les- 
sons included this book. These 
consist two basic course 
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things after they've outlived their use 
fulness. why today millions 
tons worn-out and obsolete equip 
ment and machinery are lying for- 
gotten the country’s plants and 
and farms. 


steel industry needs these mil- 


lions tons dormant scrap, needs 


BETHLEHEM 


the worst way. With this vital 
dormant rap the entire supply 
picture would brighten up, with more 
steel for everybody. But without it, 
the steel industry cannot hope keep 
production present levels 

Call scrap dealer now, today. 


He will buy your dorm: int sc rap and 


start moving tow ard the steel mills. 


PA. 


MORE 
More Scrap Today...More Steel Tomorrow 
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MADE THIS CHEMICAL PUMP 


pump 


bearings, packing Chemelec Mixtures (TEFLON*-PLUS) 
are impervious chemicals and are non-contaminating, minimize 
maintain high efficiency. 


Eco Engineering Company 
Newark, New Jersey, makes this 
pump, suitable for pres- 
for pumping anything that glass can 
handle—acids, alkalis, solvents, oils, 
pharmaceuticals, biologicals—with- 
out chemical attack contamination. 

Chemelec Mixtures are duPont 
Tefion which another material has 
been added its fabrication im- 
part some characteristic which the 
pure does not possess. 

These Tefion “alloys” offer al- 


UNITED 


most limitless series new materials 
for the designing engineer. Bring 
your problem and will work with 
you determine the Chemelec Mix- 
ture best suited your requirements 
hardness, wear resistance, dimen- 
sional stability, chemical resistance, 
anti-friction qualities, dielectric 
conduction qualities, permanent mag- 
netism, resistance neutron bom- 
bardment, etc. 

Also, there are meta! surfaced 
materials which may soldered to, 
and materials which are cementable. 


PRODUCTS DIVISION 


FABRICATORS 
AND OTHER FLUOROCARBON PLASTICS. 


CAMDEN NEW JERSEY 


STATES 
GASKET 
COMPANY 


*duPonf’ strodemork for its tetrafivoroethylene resin 
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the fundamentals arc weldin 
and the advanced courses allo 
welding, sheet metal welding and pip 
welding. The basic course devote 
entirely the welding mild steel 
all positions. Questions and 
each lesson are included. 

welding application supplemer 
contained this volume provides sug 
gestions for further study the 
ence and practice arc welding. 
supplement divided into three 
tions. Section explains method 
reducing welding costs through 
control welding procedures. 
tion covers subjects related weld 
ing, such weld strength, identifica 
tion and use metals. Section 
gives some practical ideas for simpli 
fying, welding, the fabrication 
common machine parts. These section 
are fully illustrated sketches and 
diagrams clarify the instructions. 


Practical Industrial Electronics 


Power Magazine, 381 pp, 
330 New York 36, 
$5.50. 


Here book written expressly for 
the many operating engineers and 
tricians now confronted with jobs 
the installation, operation, and main- 
tenance electronic equipment, and 
having little previous training the 
subject. them gives the plainest 
sort description the field, cover- 
ing the electron itself, the various 
tubes, the fundamental circuits, and 
the more complex circuits 
formance many different control de- 
vices. 

describes such devices elec- 
tronic heating-system controls, auto- 
matic systems electronic combustion 
control, magnetic drive-speed control, 
motor-generator exciters, liquid-level 
and pump controls. clearly discusses 
the application, circuits, and operation 
rectifiers, relays, oscillators, smoke 
indicators and recorders, combustion 
safe-guards, motor-speed controllers, 
etc. 

Electrical fundamentals and elemen- 
tary circuits are treated separate 
chapters. With these and the 
explanatory treatment throughout, the 
book makes electronics simple, useful 
thing instead mystery. 

The book grew from series 
widely acclaimed articles 
lished Power. presented here, 
the treatment grounds the engineer and 
electrician the fundamentals—pro- 
vides aid working with electronic 
devices encountered industry. 
May, 1952 
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